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PART I. 



THE CONSTRHCTION OF MILL DAMS, 



CHAPTER I. 



MATERIAL AND FORM OF DAMS. 

The weirs or dams thrown across the heds of rivers have been con- 
stracted in a great variety of shapes and of different materials, some of 
them too costly for general use in a country where small mills are 
chiefly needed. In cases where the supply of water is large and a high 
fallis not demanded, a temporary dam composed of boulder stones is 
sometimes thrown across the stream in a diagonal or slanting direction, 
and of length considerably greater than its breadth. The water is thus 
partly forced into the conduit or race above the dam, and the remainder 
passes over the surface of the dam in a shallow sheet Being hastily 
and cheaply built, a dam of this kind may be repaired without much 
outlay, but the inconvenience of doing this after every heavy rise of the 
stream is a material drawback on its value. 

In contrast with this comparatively rude species of dam are those of 
more solid structure, substantially built of stone, and stretched across 
the river in the form of a bow, the curve being against the current — 
the middle of the dam, in other words, being higher up the stream than 
the two ends. A dam of this sort, if provided with massive stone 
abutments, presents a firm resistance to the onset of a flood, and will 
stand any test ordinarily experienced. It may be made with a gentle 
slope from the crest both up and down the stream ; or with a steep 
descent on each side, making its walls almost perpendicular ; or again 
with either a steep or sloping front on the upper side and on the lower 
a curved apron, the wall rounding downward from the top like the 
lower half of the letter C, by which arrangement the fall is made 
gradual and its force abated. 

In a stream of moderate size, a form of weir has sometimes been 

adopted resembling the letter V, with the apex or point directed up 

stream. If built upon piles, with a frame of timber forming an 

inclinad vlane upon the face of the dam, and filled up with gravel 

;»v t*. tutuis of boulder Rtnr^o^a -aioW -^^^iV-a^ vcl, ^<b dam will 
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PREFACE. 



No work relating to a special branch of industry has met with a more 
^^rdial reception than the large octavo volume entitled " The Ck)n8truc- 
Rtion of Mill Dams," issued by the publishers of the present work in 
1874. The size of the former book was due in part to the heavy paper, 
Illiberal margins and large type employed; and while these features 
^^added greatly to its exterior appearance without affecting its practical 
^ value, the price was also necessarily much enhanced. Nevertheless, a 
-large edition of the work, even in this comparatively costly form, wai 
exhausted by the wide and constant demand for a treatise of that kind. 
^This demand had never before been met; no complete work on the 
^subject, and especially none of a strictly practical and useful character, 
vhaving up to that time been offered to the public. The remarkable 
'T)opularity of the book, it is believed, was owing not only to the fullness 
and accuracy. of the descriptions given, but also to the fact that tech&ioal 
and abstract terms were as far as possible excluded, and the work 
rendered practically available to every owner or utilizer of water power. 
To meet the steadily continued call for the book, the publishers now 
present a revised edition, at a price which brings it within the reach of 
all classes, and in a form highly convenient for the purposes of a hand- 
book. They have also consolidated with it another valuable work 
entitled '* Bookwalter's Millwright and Mechanic," in which are 
contained a large number of Tables and Rules pertaining to Practical 
Hydraulios, Milling, the Mechanical Trades and General Business, and 
a variety of Facts, Figures, Methods, Directions and Suggestions, which 
mechanics of every class, and especially owners or operators of mills, 
of whatever description, will find of constant use and value. 

JAMES LEFFEL & CO. 
Springfield, Ohio. 
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branches, near the water and leaning toward it in such a way as to 
suggest that it might possibly be launched into the stream. Other 
trees near it were felled and leaned against standing trees so as to 
serve as a kind of skids, and by dint of two or tlu*ee days' patient toil, 
in which the use of windlasses was found necessary, the tree was at last 
guided down the stream butt foremost, and lodged in the gap at the 
broken dam. The expedient proved completely successful, for 
although a mighty cracking and splintering of boughs ensued, the stout 
branches held fast on the sides of the dam, and a beginning was thus 
made from which the necessary repairs were effected with comparative 
ease. 



CHAPTER III. 



LOG DAM FOR SOFT OR SANDY BOTTOMS. 

In a countiT where timber is abundant, a log dam is the most 
economical, affording, if properly built, an ample degree of strength 
and durability at comparatively small cost aside m>m the labor 
involved. It is adapted, moreover, to river beds which are %f too 
yielding a character to afford a solid foundation for a stone dam. Our 
engraving reproduces in all its essential features a drawing made in 
our office for the construction of a dam in the State of Texas. It is 
adapted to all localities where timber is not too costly, and especially 
to streams which have soft and sandy bottoms. In the engraving the 
dam is shown as if cut into at the middle of the stream, the further 
half being represented, with the crib or pen built into the opposite bank. 

The dam here represented may be literally described as a " brash and 
timber dam," though it comes under the general head of log-dams, the 
main portion of its structure being of that character, while saplings of 
any size may be used in making it compact! and brush, day and 
boulder stone for filling on the up-stream side. The process of 
constructing this dam is essentially as follows: Gut trees of eight or 
ten inches in diameter, lopping off the limbs on what will be the top 
and bottom sides, when the logs are placed in position. Start the first 
layer (forming the foundation and front of the apron of the dam, and 
projecting down stream as shown at the extreme left of the cat) placing 
the logs side by side with the tops up stream, the lower or Dutbenas 
being about fifty feet below the point where the dam is to be raised. 
Having completed this, fall back about twenty-five feet and place a I 
secona layer of logs side by side as before, the limbs being careftilly 
lopped off on the under and top sides. Having now two layers or 
courses of logs reaching from side to side of the stream, start a third 
layer twenty feet back of the second, and carry it across the stream in 
the same manner as the others. TYie io\rc\Xi <^Qiut^^,^N^ ^^fttVusAkof the 
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third, completes the series of successive and overlapping tiers of logs 
constituting the foundation of the dam and forming the apron. WiUi 
this last course, you begin raising the dam, using for the purpose trees 
and saplings oi any convenient size, and all the while filling in 
compactlv, especially toward the up-stream extremity of the dam, with 
brush and clay. If boulder stones are readily accessible they should be 
thrown in along with the clay. 

The successive courses of logs should now be laid on in such a way 
that the face of the dam will present a steep slope, the crest being 
about two feet farther up-stream than the point at which the dam rests 
upon the apron. At nearly every course it is well to lay binders 
lengthwise across the stream, pinning them to the largest logs beneath 
them. The ends of these binders, which may be three or four inches 
in diameter, are shown in the cut They should be placed from two to 
four feet back of the face of the dam. Having reached the crest of the 
dam, a top binder is pinned on as solidly as possible, a pin being 
driven wherever there is a chance for it to hold. If convenient, two or 
even three binders may be employed, in which case they should be 
firmly secured to each other and to the upper tier of logs. The dam 
should be filled in on the surface, from the crest back to the extreme 
up-stream tips of the trees, with fine brush and clay. For this purpose, 
trestle work may be built out over the stream and planks laid on to 
serve as a track on which to wheel the dirt out upon the dam. 
Throughout the whole work, care should be taken to lop the branches 
from the top and bottom sides of the trees, and the butts of the trees 
should invariably be laid down stream. The dam should be made in 
the form of a semi-circle or half-moon, arching up-stream. 

To secure the ends of the dam, a log-pen should be built at each 
bank, (one of which is shown in the cut,) extending back into the bank 
as far as it can conveniently be carried. Each pen should be chinked 
from the inside and filled with clay; or if stone is plenty it may be 
used instead of clay for filling the pens, which will not then require to 
be chinked. If clay is used it should be packed in as tightly as possible 
to prevent it from working out ^ 

It has been found that a dam of this kind will settle about eighteen 
inches the first year, for which due calculation and allowance should 
be made. After that time, it will remain nearly stationary. It is 
cheaper, in a favorable locality, than a frame dam, and has an important 
advantage in the fact that it will hardly ever wash out It is almost 
impossible to build on a quicksand bottom a frame dam that will stay 
in, as the experience of many mill-owners has shown. The use of 
piling cannot be recommended, as the water forms small whirlpools 
around the piles, and will in time wash out the earth clear to their 
bottoms. 

It should be remarked that in building a dam of this kind, unless the 
stream is nearly dry, it will be well to leave a passage through which 
the water may escape while the Mllding is going on. This need not 
usually be done until the apron is completed, and perhaps one or two 
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courses of the upright part of the dam laid on; but after that it will 
be expedient to leave a space or channel near the middle of the dam 
for the water to pass through until the rest of the dam is finished, when 
the gap may be closed up. 



CHAPTER IV. 



A SAFE AND ECONOMICAL DAM. 

We f^ive in connection with this chapter an illustration representing 
a style of dam which can be confidently recommended for its durability, 
and which involves no excessive outlay either of money or labor. It 
has some points of resemblance to the log dam described in our last 
chapter, but the dam referred to is particularly suited to a region where 
timber is abundant, while the one here shown does not require so atuple 
a supply of that material. The abutments of this dam, it will also be 
observed, are built of stone, instead of crib-work, as in the former ciise. 
Crib-work, however, can be substituted if more convenient; or if stone 
is used, cap-rock or rubble will answer the purpose, if compactly laid 
and filled in with earth solidly in the rear, nearly as well as more costly 
building stone. 

The construction of this dam is shown very thoroughly in the cut. 
Its qualities of firmness, compactness and durability adapt it to any 
sort of bottom, whether it be sand, soft mud, gravel or rock. The first 
step in the process of building it is to lay the foundation logs A A, 
which extend across the stream, bein^ spliced if necessary, to bbtain 
the requisite length. They should be imbedded in ditches crossing the 
stream transversely, and of sufficient depth to bring the upper surface 
of the logs nearly on a level with the bed of the stream. One of these 
logs is laid at the foot of the apron, another at the point where the dam 
is to be raised, and the third, fourth and fifth farther up stream-, as 
shown in the cut, the distances between them being six or eight feet. 
The ends of these logs should project some distance from the sides of 
the dam into the bank, or under the abutment. The weight of the 
abutment resting upon them will have the effect to hold the dam in- its 
place and prevent it from being lifted or moved forward by the force of 
the current. 

The second series of logs, B B, are laid across the first course, 
lengthwise of the stream, and about six feet apart, the butt ends resting 
upon the lower log of the first course. The dam is then raised at the 
second log of the foundation, which is six or eight feet from the front 
log, the intervening space being occupied by the apron of the dam. A 
log of considerable size is laid down directly above the foundation lo^^ 
and notched to the logs B B wherever they etosa, K «ai»)\«t Vi^^ xaac^ 
be laid in like manner above the third {ouudatioiiV)^) ^\A^2«» ^^. '^'^ 
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fourtli if desired; as these cross-lo^s or binders, whicn should be imt in 
with considerable regularity, especially at the face of the dam and near 
it (as shown at D D) will serve to support and hold together the whole 
fabric. The alternate courses of logs having been carried up to the 
height of about five feet at the face ot the dam (which should be nearly 
perpendicular) and sloping back gradually as shown in the cut, the 
crossing of the logs will form cribs or chambers, as at C, which are to 
be filled wiUi stone or gravel. Stone is to be preferred if conveniently 
at hand, but gravel answers the purpose nearly as well. The binders 
on the top oiuie dam, crossing the stream, are to be firmly fastened to 
the logs upon which they resty those at the crest of the dam and at the 
lower edge of the planking being secured by bolts^ which pass through 
all the successive logs below them to the very foundation of the dam. 
Except at these points it will be sufficient to fasten the binders with 
long pins to the logs beneath them. The planking E already referred 
to extends from the crest of the dam about twelve feet toward the 
up-stream end, and serves to protect the front of the structure from 
damage by ice or driftwood. The spaces at H, at the rear of the dam, 
below the plankine, should be filled with stone or gravel. 

The abutments F (only one of which is here shown, as our engraving 
comprises but half of the dam, giving a front, top, and sectional view) 
are built, as already stated, upon the ends of the foundation logs 
projecting from the sides of the dam, aiding thereby to hold the 
structure in its place. The abutment represented in the cut is of solid 
masonry, eood building stone being the material employed ; but it may 
be more cheaply constructed, either of rough stone or crib work, as 
described in the introduction of this chapter. 

The apron of this dam should be planked between the projecting logs, 
as shown at G, the planks extending back under the first transverse 
lo2 which begins the face of the dam. 

It will be manifest from the nature of ite construction that no part of 
this dam can be moved from its place without the entire fabric going 
with it* The different portions being firmly connected and secured to 
each other, the structure must go out bodily or not at all The great 
breadth of the dam at its base is one of its strongest advantages, 
preventing it from being undermined by the current — a danger which 
constantly threatens a dam with a narrow foundation, let it be ever so 
strongly built It is also to be observed that the amount of timber 
required in building by this plan is very moderate, being much less 
than is often used in dams which do not possess nearlv so much actual 
strength as is here afforded. As a practical example of the reliable 
character of this dam, we may here remark that one of the publishers 
of this work, having had two costly dams of cut stone carried away 
from the same site by high water, finally built one according to the 
plan here described, at a total cost of $700, and found it perfectly 
safe, the floods of four successive years, some of them extremely 
Tiolent, having failed to carry away any part of \t^ otih^y^X.wjl'^ iSkaNKtv^ 
damaipe. Neither of the two stone dams wYiicYv pT^<^e^^^\\.^\A^^^'^^'i 
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eighteen months, the bottom being of the sandy and treacherous nature 
to which a great part of the difficulty involved in the science of dam- 
building is to be attributed. 



CHAPTER V. 



A HOLLOW FRAME DAM. 

We present in this chapter an illustration of a hollow frame dam 
adapted to a country where economy in timber is necessary. It offers 
an equal degree of security with the log dams previously described, at 
the same time requiring far less material in its construction. The dam 
here represented is built upon a solid rock bottom, but with slight 
modifications is adapted to streams with a soft or sandy bed, as 
hereafter explained. 

The first step in the construction of this dam is to lay the foundation 
blocks A A, each of which is a stick of timber ten inches square and 
about four feet in length. Three rows of these blocks are to be laid 
across the stream, one at the face of the dam, one at the up-stream 
extremity, and another midway between them. The distance Detween 
the centers both ways — across the stream and from one row to another — 
is eight feet, giving three blocks or bearin^js to each bent of the frame 
work. Three additional blocks are placed in the front row and twelve 
in the rear row to receive the bolts bv which the dam is fastened to the 
rock. Upon these blocks are now laid the mud-sills B B, which form 
the immediate foundation of the dam, consisting of logs about sixteen 
inches in diameter, hewn on the upper and under sides so as to give a 
t ickness in that direction of thirteen inches. These are laid across 
the bed of the stream in three tiers, one for each row of blocks. Where 
jhints occur, a two-feet splice should be made, and the two ends firmly 
ponned together. The end of the front sill at each bank should project 
initp the abutment about fifteen inches; while that of the second or 
middle sill projects an equal distance just behind the up-stream wall of 
the abutment, the centre of which is near the front sill, bringing part of 
the abutment against and the other part below the dam. The front 
sill has three bolts passing through it, one at each splice, an extra 
block being placed underneath as already stated. The up-stream sill 
has twelve bolts, under each of which is a block, in addition to the 
blocks on which the bents of the frame-work are to rest. The bolts 
should be If inches in diameter. Each one of them passes through 
the 6ill and block down into the rock, which it penetrates about three 
and a half feet, making the total length of the bolt five and a half feet 
The bolt is made aft«r the hole has been drilled, the necessaiy length 
being ascertained by careful measurement. A "stoved head as it is 
a^^, is given to the ^ ' ^ a washer placed underne^llL tk^^ 1l<^^^ 
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which is drawn tightly down by the tapered shape of the head. In order 
to prevent any possibility of the bolt working loose, the lower end is 
split five or six inches up, and an iron wedge inserted. When the bolt 
is driven down, the wedge, coming in contact with the rock, is driven 
up, and spreading the point, holds the bolt firmly in its place. Fine 
wet sand afterward put m will make it perfectly tight and solid, being 
as effective for this purpose as lead or cement 

In drilling the hole in the rock, an ordinary stone drill slightlr 
smaller than the hole to be made, is employed, and is put down through 
the sill and block, which are previously bored and placed in position. 

The bents of which the frame-work of the dam is constructed, and 
which come next in order, are built throughout of timbers ten inches 
8<}uare — the same size of material being used in the lower horizontal 
pieces C C, the uprights D D, and the upper pieces E E, which form the 
slope of the dam. The length of the lower timbers is sixteen feet, and 
that of the upper timbers the same, the effect of which is to give the 
face of the dam a slight inclination up stream. The lower timbers are 
firamed into each sill, a ^ain bein^ cut two inches deep, and the timbers 
secured with a dove-tail key driven to the side of each bent The 
upright posts connecting the upper and lower timbers of the bent have 
a length of two feet three inches in the clear at the face of the dam, 
and half that length at the middle sill; and they are to be mortised 
into the upper and lower timbers in the same manner as in the framing 
of a house. The bents are the same distance apart between centers as 
the blocks under the sills — eight feet, and the distance from the front 
to the middle upright is the same. The upper and lower timbers of 
each bent are hewn obliquely or beveled at the up-stream end so as to 
fit snugly together and give a combined thickness at the extremity 
equal to one piece. 

The last step in the building of the frame is placing the ties F upon 
the top of the structure, extending transversely across the stream in the 
same direction as the sills. There are five series of these ties, one over 
each sill and one between. They should consist of timbers 4 by 7 
inches and lie on the narrower side. Each tie is let into the upper or 
inclined timber of the frame wherever it crossess, the depth of tne gain 
being one and a half inches, giving the tie five and a half inches 
thickness above the frame. The gain is cut into the frame at right 
angles with the upper timber, the ties being thus slanted slightly up 
stream and presenting a level surface for the planking. The forward 
tie is let into the frame piece about four inches from the end, in order 
to give sufficient strength to the gain to prevent it from breaking out 

The whole iipper surface of the frame is now planked over. The 
planking, which is strongly spiked to the ties, should be one and a half 
inches thick, and the wiaer the better, as the fewer the number of 
joints, the more secure from leakage will be the covering of the dam. 
A greater thickness of plank than that given will increase the liability 
to rot, as the wood is wet on one side and drr on the othec. 

The abutments, as already stated, extend outYksAi^^k^ tcoxn^^^&ft!^- 
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to the up-stream end of the dam. To protect the exposed portions of 
the sides, the dam is enclosed with stout upright planking from the 
middle sill to the up-stream end, the ends of the planks resting on the 
rock bottom. In like manner, the rear of the dam is closed with sheet 

Siling extending from bank to bank, closely matched and of sufficient 
eight to meet the planks which cover the top of the dam, the lower 
ends of which are footed by the piling, which extends to their upper 
side and is flush with the surface of the dam. 

The abutment is built of timbers fifteen to eighteen inches in diameter 
and is eleven feet square. The logs are hewed on one side to give a 
face to the abutment. The first or foundation timbers are laid m the 
same direction as the sills of the dam, transversely to the stream, the 
lower one about three feet below the face of the dam, and the upper 
one just below the middle sill, which it touches and helps to hold in 
position. The first cross piece on the side toward the dam is laid over 
and across the end of the front mud-sill, which extends beneath it, as 
already stated, about fifteen inches into the interior of the crib. The 
up-stream end of the cross piece reaches to the middle sill of the dam. 
The timbers of the crib are notched and saddled where they rest upon 
each other, and the structure is thus firmly held together. The ends of 
the firat two ties on the surface of the dam extend to the crib, and the 
third tie passes directlv behind it in the same manner as the center sill 
below. The crib is filled up with rough stones or coarse gravel, and 
covered with upright planking on the upper side and on the side against 
the dam. A joist, I, two by ten inches, is spiked against the crib along 
the top of the dam from its crest to the up-stream corner of the crib. 

The dam here shown is ninety-three feet long and its total hight from 
the rock bottom to the surface of the planking is six and one-half feet. 
There are eleven bents in the complete dam, only half of which is 
shown in our engraving. The dam here represented was built by 
Messrs. Bookwalter & Claypool, of Attica, Indiana, to furnish power for 
a large and very complete flouring-mill erected by them, in which three 
Leffei Double Turbines were placed, with all other necessary machinery, 
furnished by the same establishment. The design of the dam, which 
was drawn in the office of James Leffei & Co., can be adapted with 
some alterations to a stream having a soft instead of a rock bottom. 
For that^rpose, it would be necessary to lay a foundation of two and 
one-half inch plank, instead of the blocks, for the sills to rest upon. 
These planks should be laid lengthwise of the stream, and project ten 
or twelve feet below and an equal distance above the dam, making a 
total distance of about forty feet. As it is difficult to obtain planks of 
this length, the foundation may be laid in two sections, the planks in 
each having a length of twenty feet About midway between the breast 
and the up-stream end of the dam, where, if the planks are twenty 
feet long, a joint will occur, a wide sill should be placed beneath them, 
upon which the ends of the planks can be firmlv spiked. At the down- 
stream end of the planks, constituting the ed^'a o^lVi^^^twv^^Kv;^ 
sill or hinder §bould be placed uudemeaih — ^lioX. \.o ^Nrg^^'^^^^^**^'^'^ 
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to hold toeethcr the planki. At the up-ttream end, the planki will 
dimply iiiiue<lded in the soili and the planking at this point, and 
whole hack of the dam, covered with gravel, sand and dirt A lajei 
bnish at the Ijottom of this covering will make it hold all the m 
firuily to the bed of the stream. 



CHAPTER ri. 



A RIP-RAP DAM. 

The conditions of cheapness in the constmction of a dam are chsnj 
hv every chnnge of locality. In one section, where material of a bi 
ble kind ma^ be comparatively abundant, while labor is scarce 
commands high wages, economy is consulted by making the worki 
building as short ana simple as possible, even if the material usedj 
not the cheniH'Ht which could be found. In another district, or and 
difTorent circumstances, workmen may be easily obtained at a y 
moderate rate, and the mill-owner may in this case save monev by . 
ting an extra proportion of labor instead of expensive material into 
dam. Our engraving herewith given illustrates a kind of dam wW 
distinct from any which wc have before presented. In some porti( 
of the country it would be difficult to find stone enoagh for its e 
Btruction at any price — and it is not intended, of coune, for the 
mands of such localities. In other sections, the earth and stone 
which it is composed would cost almost literally nothing, and it hasl 
further advantage of requiring no skilled labor in putting it up, exo 
in building the chute and waste gate, and in the laying ont and gene 
superintendence of the work. 

The construction of a "rip-rap dam," which is the term commoi 
applied to a dam of the description here shown, is begun bjr throwi 
an embankment of earth across the stream (space beinjj^left in Uiemi 
die of the stream for the waste-wav or chute), carrying it up to a bight 
about eight feet in the center and sloping it as shown in the cut, qui 
steeply on the down-stream and more gradually on the np^tream sid 
The dam here illustrated has an extent between the foot of the n 
stream and that of the down-stream slope, of from thirty to forty fef 
and from one bank of the stream to the other of a little over seven 
feet Of the latter distance, twelve feet in the middle of the itream 
occupied by the chute (in which the waste-gate is placed as hereaft< 
described ^ leaving a distance of thirty feet on each side, from tl 
frame-work of the chute to the bank. It is not intended, of coarse, thi 
the water should at any time flow over a dam of this sort, the e 
cape of surplus water being provided for by the chute. The two slope 
of the embankment do not meet at the top in such a way as to form 
sharp ridge or crest, but the summit is leveled off so as to give a near! 
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flat surface about four laet in width, extending the whole 1 
dam from each bank until it reaches the chute. 

In constructing the embankment, the framework of the ( 
set in position and strongly planked on the interior sic 
water is to pass, before the earth is filled in at that point- 
a fill about two feet in depth is made on which the floor of 
to rest. This floor is laid upon a frame of heavy sills and c 
the planks of which it is composed extending lengthwise o 
and projecting at the down-stream end some eighteen inch< 
face of the dam, in order that the current of water, as it iss 
chute, may be carried beyond and clear of the embankn 
The tendency of the water to wash away the foundation o 
thus avoided. This is an important point, as the result c 
this particular will be the speedy undermining of the chut 
in of the wall of earth and rock on either side. 

The earth-work having been completed, the dam is noit 
rapped" from end to era. This process consists in laying 
of stone, one above the other — ordinary cobble-stones bei 
material for the purpose— over the whole surface of the e 
The stones are placed on their edges, in the manner in wl 
is paved, and laid as compactly together as possible, so as 
entire dam a strong and durable face on both slopes ai 
crest The united depth of the two courses of stone ^ 
twenty inches. If three instead of two coui'ses are lat 
strength will be gained, and the dam will be all the more 
the effects of any accidental inroad of water. The rip*ra] 
not be confined to the dam itself, but extend along tluB ba 
sides of the stream, a short distance above and below tfaed 
in the cut. This will prevent the banks from bein^ worn aw 
out, and protect the dam from injur}', to which it would 
constantly liable. 

The up-stream slope of the dam is covered with earth fi 
about two feet upward, reaching to the floor of the chute. 

Our engraving represents, in addition to the dam, the ii 
of the channel of the mill-race, on the further bank of the i 
corners of the banks at the point where the water enters th 
be rip-rapped in the same manner as the dam, to secure the: 
washed away and caved in by the continual action of the c 
exact distance to which the sides of the race at this poii 
covered with stone will be determined by the shape of th 
iicter of the soil, swiftness and force of Uie current, and ot 
ations which vary in different localities. The matter will 
ulated by the exercise of a fair degree of judgment ; but in 
best to err, if at all, on the safe side. A little extra preca 
ing in perfect security, is better than a falling short which 
damage and destruction in time of flood. 

The construction of the chute and waste-gate is a mattei 
conrsf^ some measure of skill in the car^^BtAr'^ axid milbi 
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will be in demand. The heavy timbers required are the sills and cross- 
timbers of the floor, the upright posts, the inclined or slanting beams 
which follow the direction of the slope of the dam up and down stream, 
and the timbers connecting them at the top, which will be as long as 
tiie crest of the dam. is wide. The posts are mortised into the sills be- 
low and into the beams above, and their lengths are so arranged as to 
S've the proper slant to tne inclined beams, parallel with the face of 
e dam. • 

For the construction and operating of the gate, a number of methods 
are in use. A very simple arrangement is that in which the ^ate is 
xaised and lowered by the use of a lever inserted into holes in the 
standard to which the gate is attached. A chain and windlass may also 
be used, the manner of their application being so obvious as to require 
no minute description. Still another form of gate is found very useful, 
in which the gate is made in sections, each section swinging on a hori- 
zontal axle resting on journals near the bottom of the gate, so that it 
can be let down Hkc the tail-board of a cart when desired, and raised 
with equal ease whenever necessary. The division of the gate into 
sections, or as it were into several narrow gates, each acting independ- 
ently of the other, is found expedient on account of the great force it 
would be necessary to apply to raise and lower the entire gate in the 
manner described. The gates fall in the up-stream direction, their own 
weight assisting the process when they are lowered, and the force of 
the current helping to raise them — sometimes more powerfully than is 
desired — ^when the chute is to be closed. 



CHAPTER ril. 



A CRIB DAM. 

We present in this chapter an illustration of a dam peculiarly adapted 
to streams which have a comparatively narrow channel, with a high 
iMink on each side — although the latter condition is not indispensable, 
M any deficiency in this respect, if the shape of the country is not ex- 
tremely unfavorable, can be made up hj constructing an artificial levee 
or embankment. The structure of this dam is of the nature of crib- 
work throughout, logs being the material used in every part, although 
stone, gravel, clay and brush are employed in filling at various points, 
as hereafter described. 

The dimensions of the dam shown in the cut are nearly as follows: 
length of span, fifty feet, the logs in each of the two sections being 
about thirty feet long, giving ample margin for notching at each end; 
cribs on each side twenty feet square, the logs of which they are built 
from twenty-two to twenty-five feet long and the hightof the cribs from, 
twenty-five to thirty feet The dam itself is twentj-^N^i^^X.'^Y^pL^^'^ 



▲ CRIB DAM. 23 

eribrbeini^ carridd up three or four logs above the top of the dam. 

In building a dam of this description, the whole structure, including 
both the cribs and the V shaped connection between them, are begun 
and carried up together. The apron, however, is first put down, con- 
sisting of a layer of logs placed closelj side by side from bank to bank, 
with the butt ends down stream, ana the limbs lopped off up to the 
point where the dam is to rest upon the apron. Above this, the limbs 
may be lefl on the trunks, as they extend into the earth which is filled 
in above the dam. The front of the apron should extend three or four 
feet forward of the cribs, as shown in the cut The logs used in build- 
ing the apron, and also the cribs and the dam itself, should be, if pos- 
sible, at least one foot in diameter, in order to give the proper degree 
of weight, strength and solidity to the fabric. 

Having completed the apron, the next step is to lay the foundation 
of the wings and central portion of the dam. The first log of the crib 
on each side should be firmly pinned to the apron; or the foundation 
of the crib ma^ be laid two or three feet deeper than the apron, in 
which case it will not be necessary to fasten them together. The cribs 
are each to be set into the bank, which will thus enclose them on three 
sides, as appears in our illustration. Thus situated, it is scarcely within 
the bounds of possibility for the cribs to be moved from their position; 
and if their connection with the dam is made firm and secure, the 
strength of the fabric, aided by the peculiar shape which it presents to 
the current on the up-stream side, will resist almost any conceivable 
pressure of water. . 

In building up the cribs and the dam, the logs are to be notched and 
saddled wherever they meet — that is, at the four comers of each crib, 
at the points where the timbers of the dam enter the crib, and at the 
middle of the dam where the two sides of the angle or Y intersect. 
This angle is of course pointed up-stream, the proper distance from the 
center or place of intersection to the down-stream edge of the apron 
being about twentv feet. The pressure of the current upon the harrow- 
shaped structure thus presented to it will of course tena to spread the 
two wings or cribs apart; but if the latter are well grounded, filled and 
supported, and the logs in every part of the dam carefully notched upon 
each other, the force of the current will have no perceptible effect 

Binders are to be inserted in each half of the dam as the work pro- 
gresses, one for every second course of logs being sufficient, although 
one for each c6urse is still more effectual. Small trees or saplings may 
be used for this purpose with the limbs and brush left on, the butts rest- 
ing between the logs of the dam and the tops forming a part of the fill- 
ing on the up-stream side. In the engraving, the ends of these binders 
may be seen between the courses of logs fbrming the V, the tops of 
course being covered up and invisible. 

The cribs are to be filled with stone and gravel, and if these mate- 
rials are scarce, a moderate proportion of clay may also be introduced. 
The up-stream side of the V is to be covered with upright plankin^^ 
which will extend from the top log down to Xixe a'^xou, '^V'w:^^ \^xl 
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inc1:os wido nnd two inches thick arc suitable for this pnrpose, and thej 
^l.|lulll \tp |)hu-i>(l closo tO}:ethor and cither pinned or spiked to the logs, 
11-. 1 1 1 11 vr nil 'lire niav dirtuto. The platikinfc is cut awaj at the points 
wImm- till' liiiiilrrs tircMir. Huffinontlj to admit the ends of the binders, 
wliicli nst ii])un tltu horizontal logs and are notched to them as already 

The lillin;; on tho iip-strcnm side, af^ainst the planking, completes 
i]i«' liiiiMiii;: of tho dam. For this purpose, anv convenient material 
u\i\y III' ii.<cil, whether Htonc, );ravcl, clay or brush, or all together. The 
tllliii:: sliiiulil slope (;ruduully from the crest of the dam, extending up 
Mn-.-iiit a (liM.'ince of not less than twenty-five feet, in order that all risK 
ot'tlx' wnsliini; or undermining of the dam may be avoided. 

1 till- li:iiiks fit' tlie stream arc too low to enclose the cribs to a suffi- 
cli-nt. hi^ht to lunke titem secure in their position, an artificial embank- 
in inr must lie ('(instructed, covering three sides of the crib and extend- 
ing^ iVoni the stream until it reaches ground of the same bight as the 
t<>)i ot'tho dam. This em))ankment should be made wide and substan- 
tial, and r(in))>act]y liuilt of stone or earth. It is important that the 
inaierial should lie of such a nature that the m-ater will not penetrate it| 
as the di'st ruction or serious injury of the dam may occur in conse- 
(luenre ot'u Very small outlet. The main force of the stream is brought 
to hear, of course, upon tho dam itself; but in time of high water there 
will he more or less ])ressure upon the levee, which should accordingly 
1)0 made as 8e<'uro us circumstances will allow. 

Our illustration shows, also, the entrance of the racQ above the dam, 
on ihc left hank of the stream. 

The dam ahove described is adapted to any sort of river-bed, whether 
it he rock, sand or clay. The shape of the banks is a more material 
point than the nature of the bottom, especially if it is desired to raise 
tho dum to u hi;;ht equal to that shown in our engraving. 
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A PILE DAM. 

The dam which we illustrate in this chapter is adapted to a mnd 
Dottom or to any kind of river-bod which will afford a firm foothold 
for piles, and into which they can be driven to the necessary depth. 
The first step in tlie process is the preparation of the piles, which 
should bo of oak if convenient, ten or twelve inches in diameter, and 
from twelve to twcntv feet in length, according to the height it if 
intended to give tho dam, the nature of the bottom, and consequently 
the depth to which it is necessary to drive the piles. The taper at 1ii6 
lower end should begin two or two-and-one-half feet from the point 
In using the pile-driver in setting the piles it will be found that the 
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force of the saccessive blows will after a time have the effect to split 'i 
the pile at or near the top; and to prevent this a ring should be placed .] 
over the top of the post This ring is made of bar iron three-fourths 
of an inch thick and from two-and-a-half to three inches wide, the ends 
where they meet to form the circle being welded as strongly as possible. 1 
It is also expedient to champer or bevel the inside of the ring so that 
it will go on with the wider opening downwards, the object oeing to 
make the ring compress the top of the pile in such a manner that when 
it is'desired to remove the ring it will come off easily. Care must be 
taken not to champer it at too great an angle, or the post will act upon 
it like a wedge ana the ring will burst before the driving is completed. 
As Uiis accident is liable to happen in spite of every precaution that 
can be taken, it is well to have several rings made before beginning 
the work, so that while one is taken away tor repair another may be 
used and the driving go on without interruption. 

For a dam like the one here illustrated, the piles are driven eight or 
nine feet into the ground, leaving from six to eight feet above for 
height of dam ; but where the bottom is sound and Srm the posts need 
not go in to so great a depth. There are three rows of piles shown in 
our engraving, the two front rows, A and B, being close together, but 
alternating so as to "break joints," and the second and third rows, B 
and C, being far enough apart to admit a horizontal layer of logs E E 
between them. A dam may be built with but two or even only one 
row of piling, and possess sufficient strength for any ordinary test. If 
only one row is planted, logs and brush should be piled up behind it 
on the up-stream side so as to make the dam tight and break the 
immediate pressure of the current The horizontal logs E E should ' 
be of about the same diameter as the piles; and between them, at 
inteprals, are inserted the butt ends of the binders G G, which are logs 
or poles from thirty to forty feet in length, extending from the piles 
up stream and being covered with the filling. The upper horizontal 
log E is pinned, as will be seen in the cut, to the end of the binder 
below it ; and this should be done at frequent points along the whole 
extent of the span. 

The apron H has a foundation of heavy sills D D, for which large 
logs should be selected, laid transversely across the stream, and spliced 
and firmly pinned where two ends meet Cross logs F F are laid upon 
these, extending up stream between the piles, and having a length of 
from ten to fifteen feet, or whatever may be necessary to prevent the 
water, as it comes over the dam, from striking beyond the apron and 
washing out the river bed. The planks H are laid parallel with the 
cross logs F and firmly spiked to the sills D D. 

The crib I is a hollow square composed of piles driven down in the 
same manner as those of the dam, but of greater length above the bed 
of the stream, making the top of the crib from two to four feet higher 
than the dam, according to the height and nature of the bank. These 
piles, as will be seen, are placed close together; and the dam should 
meet the crib at a point a little farther up stream than the center of 
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the manufacturing interest. This compelled, also a change of the 
location of the dam, and ultimately it was found that half a million 
dollars would be required for its erection, whereupon the enterprise 
was abandoned. It did not again take practical shape until the year 
1863, at which time the movement was inaugurated which has since 
been crowned with such triumphant success. The interval from 1863 
to 1867 was consumed in financial and legislative preliminaries, 
negotiations for real estate, obtaining of the charter and capital stock, 
etc., the Company being organized in November, 1866. The plans 
and specificationa were then made by Wm. E. Worthen, of New York ; 
Henry T. Potter was engaged as Engineer and Superintendent^ and 
the first stone was laid July 17, 1867. In August of that year, and 
in September, the work was interrupted by Ireshets. The double 
difficulty arising from the current of the river above and the tide below 
with its three feet rise and fall every twelve hours, rendered the laying 
of the foundation an arduous task ; and.it was found necessary to build 
coffer dams of plank, backed with earth, the water being then pumped 
out of the enclosed space. One of these dams was broken by the 
August freshet, but was speedily repaired. The stratum of rock at the 
bed of the river was found to dip too much to admit of the masoriry 
being united with it, and the foundation was therefore laid on the 
gravel above, into which sheet piling was driven, the ends projecting 
upward a few feet and being encased m the stone-work. In November, 
four months from the commencement, about 200 feet of the dam had 
been built, some twelve feet above the foundation. 

In 1868, the 200 feet of dam in progress the previous year was 
completed and 300 feet more of the foundation laid, leaving a gap of 
100 feet for the passage of the stream, when a freshet swept through all 
the coffer dam protecting the unfinished work. This was late in the 
season, and'the coffer dam was not restored until the spring of 1869, 
when it was nearly carried off a second time by a June freshet which 
caused two wecka^ delay in the enterprise. The work then progressed 
until the gap in the center had been nearly closed, the water naving 
been turned through the head-gates on the west side, when the heaviest 
disaster of all occurred, on the occasion of the great freshet of October 
4th. The central portion of the dam had been lefl in the worst possible 
condition, tlie baclc being carried up several feet higher thaif the front. 
The water passed over this part thirteen feet deep, carrj'ing away the 
coffer above and undermining and sweeping away about 160 feet of the 
dam. No attempt was made at rebuilding until the following year, 
when the coffers above and below the dam were restored, the latter 
being finished early in July. The removal of the water from the 
immense coffer below the dam was a work of such magnitude that the 
Engineer, Ikfr. Potter, devised a pump expressly for the purpose, 48 
feet long, 4 feet wide and 12 inches high, with buckets or elevators 
attached to belts. The power for this huge elevator was furnished by 
a turbine wheel, enclosed in a large frame-work built on the ^."^xciTk. ^\. 
the west end of the dam. and using a portion oi \)[ie'w«\j^^^'aL^^ 
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river then flowing through the head-gates, to conduct which to the 
^heel a temporary flame was constmcted. Glared to this wheel w-as 
a large fly-wneel 12 feet in diameter, and another 190 feet distant, 
driven hy a rope4>elt above the pump. At each end of the pump was a 
drum, around which the elevator-belts jmssed, and into which one-half 
of each bucket fitted. This enormous pump worked night and day for 
several weeks, throwing about 5,000 gallons of water per minute, and 
enabling the workmen to pursue their task below the level of the river. 
When the water had been all removed from the coffer, it was found 
that the full extent of the damage done by the October freshet had not 
been realized. It had not onlv swept away the central part of the dam 
but had cut down the river-bed south of the dam, making a hole more 
than half an acre in extent and 20 feet deep below the apron. This 
immense cavity was filled with rock and stones, the foundations laid 
upon it, and on the 6th of October, 1870, the last coping stone was 
laid. On the 14th of that month the water was running over the dam, 
and the enterprise was an assured success. 

The Housatonic dam, thus completed in spite of the most formidable 
obstacles, is of solid masonir, 870 feet long, including the abutments, 
and 22 feet 6 inches high. The curve which it makes, as shown in our 
second cut, constitutes the arc of a circle having a radius of 2,000 feet. 
The base is 20 feet, and the fix)nt has a slope up stream of 2^ inches 
per foot. It is capped with blocks of Maine granite 8 feet long and 
1 foot thick. The whole structure, including the surroundings, is 
estimated to contain 451,000 cubic feet of masonry. For the protection 
of the base from undermining an apron is provided, as indicated in 
our third cutt 24 feet lonj;, composed of timber and concrete, and 
having 10-inch sills extendmg 8 feet into the stone-work of the dam. 
These sills are imbedded in concrete, and a second course of timbers 
of the same thickness are bolted to them at right angles. All the 
spaces are filled with concrete, and the surface of the apron is then 
laid, consisting of timbers a foot square, lying close together in the 
same direction as the lower «ills, and strongly bolted to the timbers 
underneath. 

On each side of the river is a canal conveying the water for use by 
the factories. That on the west side, which is the larger of the two, 
has five gateways, each eight feet square, with solid pillars of stone 
two feet thick between them, the bottom laid in cement and the top 
slabs of stone. The gates are made of oak planks, 8 by 8 inches, 
strongly bolted to^^ether and shutting in grooves in the stone. The 
canal is 60 feet wide and 14 feet deep, eiving a cross section of 840 
square feet, and has an overflow of 150 feet near the dam. The sides 
are walled with stone. In its complete state it will open 3,700 feet of 
factory front, or over two-thirds of a mile. 

In June, 1871^ the discharge of the river was ascertained to be 
nearly 5,000 cubic feet per second. Early in the fall the discharge 
was still one-fifth the above amount, in the midst of o. dtQ>jL^\.^ViLV^ 
stopped nearlj all establishments dependent m^otv ^^\.<(i,t-v^^^^« ^\^^ 
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.inimum average flow at the lowest stage of water is estimated at 500 
^xibic feet per second, eqoiyident, with the head of 22 feet, to 2,600 
^-CDrse-power for 12 hours pjer day. "With the ample reservoir, extending 
^>«ack nve miles and covering nearly one thousand acres, no apprehen- 
sion can existof a lack of water. 



CHAPTER X. 



A PLANK CRIB DAM. 

^ We return in this chapter to a class of dams more generally interest- 
Xng to the milling community, because more applicable to the circum- 
stances and wants of the vast majority, than sucn extensive structures 
^8 that described in our last chapter. For eveiy locality where capital 
\sy the hundred thousand or half million dollars can be judiciously in- 
vested in a dam, or is at command for such a purpose, there are hun- 
cireds where a small water-power offers a profitable business to a single 
operator with limited capital, and where the best method of utilizing 
"that power becomes a question of vital interest For the benefit of this 
numerous class of persons we illustrate herewiUi a dam which offers pe- 
culiar advantages in the manner of its construction, admitting at once 
of a hieh degree of strength and veiy close economy in point of mate- 
iriaL & abuify to resist the force and weight of the current is founded 
upon one of the simplest principles of mechanical science — that of the 
arch, which is employed in so many forms in the builder's art where a 
heavy load is to be sustained or a powerful strain endured. It is hardly 
possible to conceive of a pressure, except it were an upheaval from be- 
low which should not occur from any other cause than an earthquake, 
by which a dam built in the manner here illustrated could be forcea 
from its position. We base this statement, of course, on the supposi- 
tion that due care is exercised in the construction of every part, and 
especially, as will be hereafter indicated, that the crib at each end of 
the dam is solidly built and firmly imbedded in the bank. 

Our engraving shows the dam as if cut in two in the middle of the 
stream, the other hall being exactly similar in construction, subject to 
such modifications as the shape of the bank may require. 

Upon a rock bottom no foundation sills are needed ; but on a soft 
bottom, these must be first laid, lengthwise of the stream, and consist- 
ing of loss 10 or 12 inches in diameter, widi a flat face hewn on the 
upper side, reducing the vertical thickness to about 8 inches. The 
length of these logs will depend upon the extent of apron it is intended 
^he dam shall have. Upon a mua bottom a twelve-foot apron will be 
sufficient; but upon quicksands an apron thirty or forty ^et long will 
be required to prevent washing out under the front of t\v^ da.xa.\ ^\A\:i^ 
this case, adding the apron and dam togetliw, \\ift \o^u ^ovsYWife ^iws^ 
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sixty feet long, while with a twelve-ioot apron logs thirty or forty fnt 
long will be sufficient They may be laid about two feet apart on anui 
bottom, but upon a sandy bed should be placed close together, the tm 
edges being straightened so as to admit of a snug contact If laid ii 
this manner on a mud or stony bottom, the apron, consisting of tlie 
ends of the logs projecting from beneath the front wall of the dam,viH 
not require to be planked ; but on a sandy bed, or in case the two-feet 
spaces are left between the logs, the apron must be planked as showi 
in the cut. The foundation sill is represented in the engraving ti i 
timber accurately squared on all four sides; but this is not neceMUj, 
as a log with the flat upper face and two straightedges will answer evoy 
purpose. 

The foundation having been completed, reaching from bank to Iml^ 
the walls of the dam, the two cribs and the apron are next to be eoB- 
structed. The cribs and the dam are carried up togetiier, and llit 
planks of which the apron is composed (the crossHsills having been JA- 
viously gained upon the foundation logs and firmly pinned), anei- 
tended into the front wall of the dam as will be seen in the cut. Hit 
sills for the apron may consist of timbers six inches square, and Sf 6t 
3^inch hard wood planks, strongly pinned to the sills, should be «ni 
for the covering at this point For the walls of the dam and dA^ 
two-inch planks are sufficient; and every other plank in the wall of tti 
dam should pass throu^ that of the crib, thus constituting a part of tin. 
partition wall inside. The effect of this arrangement will be that Ivilf 
the planks in the dam will pass into the crib, and the other half iriB 
abut against it, so that it will hold firmly against the pressure broiij^ 
to bear on it, from whatever direction it may come, and no separatioii 
of the dam from the crib can in reasonable possibility occur. 

Before carrying up the walls, however, it is necessarv to fix the direc- 
tion of the arch or up-stream curve of the dam. For this purpose • 
general rule maybe given, as follows: Supposing the width of fJw 
stream between the two cribs to be 100 feet, take a rope of that lenstii 
and attach it to a stake in the middle of th'e stream &r enough beiov 
the dam so that the up-stream end of the rope will just reach ^ 
middle of the inner wall of either crib, or the point where the dam il 
to rest against the crib; then, keeping the rope tightly stretched mad 
carrying the up-stream end across from one crib to tne other, it will 
describe the curve which the dam should follow. In other words, tiu) 
front wall of the dam should constitute the arc of a circle of which ths 
radius is the distance in a straight line between the cribs. ^ This is, ti 
we have said, a good general rule for the purpose, though it is subject 
to variation according to the shape of the banks, depth and force oi thB 
current, and other circumstances. Against a very powerful current, or 
if the banks are low and not very substantial, the dam should have a 
greater curve upnstream than if the current is moderate, or the banki 
rocky and firm. 

The direction which the two walls of the dam are to take having thus 
been ascertained — the lower or up-streaTci tier o^ ^%.Tk?t^>i^\\i^l,\ws»3AAl 
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'^A-ith tlif lii|;lifr tin* tluf plaiika fire laid up ho as to form a solid bff 
rifr fiiTnss tli«> ptrpam, hrtMikini; jniiitH, uad each plank strongly pinned 
ti) tlifiM* liiiiiw it, niul iiratly fitted and jointed where they meet,ut 
iiIm* wlicri* ih«*y mmo in contuct with the crib. The hight of the front 
wall, in Mich ii diini ha tlint here illustrated, in about ten feet, thttof 
:li(; rrar w:ill a iitilo over livu ffet, and the distance between their co- 
lors ti-ii t<i twi'l\<> fri't. Ttiu erilM, compoKed of two-inch plankflkUd 
up in tho Hunit' innnnrr, hiivi> a partition dividinf^ them in the nuddie 
IIS nhown in tho i-nt; iiml the fn>nt wall of the dam should abut igMnt 
ami ciHini-i't witli tho vud of this partition, aa already described. TIk 
hi^lit of the crilis will he di'tcM-niinod by the the Rhape of the banki,ii 
whicli thi'V Kl.tMihl 1)(> imhi'ihlod hh firmly aa possible, being surrouM 
un tliri'c Kiih'H by solid gnmnd or suhfltantial filling of gravel or itOBM 

Fur th(; covcM'in^ of the dam thnnMnch planks maybe emplefed, 
phir«'(l Knii^ly together uiul solidly pinned to the two walls of pluikoB 
wh it'll thi-y rest. 

Tiie dam is hlled hetween the walls, back of the rear wall and onr 
the lowiT part of the covering:, with earth, gravel or coarse stone; tnd 
the same material nniy he used to fill the two apartments of eachcribi 

It will he manifest upon a moment's consideration, that the preasoie 
of the water upon this dam will he like that of the superstructura of i 
iniihlinir u|K>n the ureh on which it rests, tending to spread the aidi 
outward. As it is held in this case b}' tho crib at either end againit 
whieh it abuts, it cannot spread out except by absolutely crushing tiM 
cribs or pushin>; them into tlie bank, neither of which events can hip- 
pen if the cribs are j)r<)i)erly filled and backed up. We do not knovof 
any arran^euHMit comprising so small an amount of material and 80 
simply constructed, by which a greater power of resistance is afforded 

A clam maybe jniilt. on this principle with still less material, hj 
erectin;^ but a 8in<^le wall and letting; the covering extend back froB 
the top of this wall to the u])-stream end of the dam; or the covering 
itself may be dispensed witli, and the f];ravel and stone simplv filled in 
aj^ainst the sinjrle front wall, constructed as already described. This if 
the simplest and cheapest form in which the dam can be built^ The 
cribs must be stron^rly put up, whatever may be the plan of the dam,ai 
the pressure which would tend to spread the dam must in any case be 
resisted at this point. 

A dam of this description may have three walla instead of two, in 
case it is desired to carry it to a greater hight than that here indicated 
Another and more radical change of the plan is to exactly reverse tiie 
dam, making what is here the ui>8tream the down-stream side, the high 
wall being farthest up-stream and the lower walls below it. In this case 
the covering extends from the highest or rear wall to the foot of the 
dam down-stream, making it, ^'n effect, a long inclined apnm. For this 
style of dam, a fill is made on the up-stream side of the high wall reach- 
ing about two-thirds the hight of the wall, and extending up-stream far 
enough to cover the upper ends of the foundation logs. These logs 
project dowu stream a snort distance beyond the foot of the dam, and 
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may he. plankpf] at thin point, unleis they are laid clone together, 
which case the planking will not be necesiiarj. 

The pins used in securing the planka ahould be J of an inch squ 
in a J-inch hole, where soft wood is used; but in hajd wood the 
should be ftomewhat amaUer. 

For the covering of the dam, inslcad of uiing three-inch pkslf 
double covering maj be mnde of two-inch planks, laid ho as to h 
joinia; or in place of either, what would be called am on i; bsckwQl 
men a "puncheon floor" maybe conatructed; a log being en wed qn 
for this puTpoae into etripa or alabs four or five in^es thick, a&^ji 
pieces scotched at the enda to an even thickaeaa, where they ai«] 
to the two walls of the dam. 

One of the main advantages of this dam ig the ease hnd rapidl, 
which it may be put up. A hundred men, if necewnrj, maj | 
ployed upon it at once and the work thus carried forward at " 
which the circumstances may render desimlilc. 



CHAPTER XI. 



THE MOLINB DAM. 



One of tie most oitenaivo and liberally developed water-pan 
the United Stalea ig that locnted at the town of Moliae, 111., eitaft 
the east bank of the Min»iHsippi River, immediately oppoaito th<u| 
of the ialand known at Itiick Island, situated about 300 miles abffMj 
Louis and midway between that city and St. Paul. The water^H 
lies between the Illinois shore and the ialand, and ia near the fid 
the upper rapida of the Miasisalppi — a succeBKion of rapids or faitl{! 
tending over twenty milea of the river channel, and hnving an aM 
gate decline of eighteen feet in that distance. The eH'ut'Cive h^ 
secured by extending a wing wall from the point of tbe island, nea 
three thonsand feet in length, which, with the island eud main ahoi 
gives a water aurface of several hundred acres. With this length 
wall, a permanent head of seven feet is obtained, and tho bo^ 
available water ia so large that this gauge can scarcely be perceptJI 
decreased. 

An effort was made as early as the year IB43 to develop the poi 
so manifestly and abundantly available at this point; and a rude di 
wag thrown across the channel and a mill operated with the force tl 
obtained. Although of alight importance in itself) this enterprise t 
the foundation of the immense development of manufacturing reeoun 
which has since been witnessed, inasmuch as it served to attract a ci 
aiderable number of settlers to the locally, and in fact gave to the to 
the name it has since borne — the word Molinc being n corruption 
the French term Moulim, signifying a miU. ImijcovenieutB were aft 
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ward made upon the power, and additional mannfactaring estalh 
lishments erected upon it ; but the lack of sufficient capital for suck 
expensive undertakings prevented the work from being carried ob 
either so rapidly or on so large a scale as would have been otherwise 
attempted. In process of time the power passed into the hands of a 
conrpanj, who held title in connection with it to some two hundred 
acres of land bordering on and atjijacent to the river. 

At the close of the war the United States Government, which is pro- 
prietor of the island of Rock Island, selected it as the site of s grest 
arsenal and armory for the manufacture and storage of war materUL 
In order to avail itself of the Moline Water Power for running the im- 
mense amount of machinery to be used in its workshops, the goveni- 
ment, in August, 1867, while General Grant was acting Seeretanr of 
War, entered into a contract with the Water Power Company, by mich 
the company ceded to the government their portion of the power, the 
government, on the other hand, binding itself to make certain 8i>ecified 
improvements, develop the power at its own cost, and give the company 
a perpetual title to one-fourth of the whole, free from rent, repairs and 
expense of ever}' kind whatever. The government also contracted to 
rent additional power to the company, at a fixed price. 

In pursuance of this contract, the necessary appropriations were nflwle 
by Congress, and the work was begun forthwith. The old dam was tom 
out, the reservoir deepened, and the adjoining banks of the island raised 
and rip-rapped with rock. A wall of the heaviest Joliet rock was built 
longitudinally with the channel of the river, 2,400 feet in length, twenty 
feet in hight, eight feet wide at the base and sloi>ing to four feet at top, 
with supporting buttresses of three feet at intervals of ten feet. This 
wall is a massive piece of masonry, set in the bod rock of the river, be- 
yond the power of flood or ice ever to disturb it. The adjoining bank, 
as already stated, was heavily rip-rapped to secure it against washing: 
and all the work done by the government was of the most substantial 
character. Meanwhile the Water Power Companv deepened the chan- 
nel for carrying off the tail water and put in a bulk-head ; and the man- 
ufacturers located on the Power set their wheels. The remaining work 
was an addition of 1,400 feet to the longitudinal wall, and the excava- 
tion of a canal across a projecting point of land 2,100 feet in length, to 
carry off the tail water and discharge it below the Power. 

In the first of the two engravings herewith presented, a general view 
is given of the dam and water power, and in the second a full and accu- 
rate map of the same, showing the Water Power Dam, the Government 
Dam, the wing dam. the town of Moline, the factories, water-power lota 
and lines of railway. Rock Island, the Mississippi River and both its 
banks. By the aid of these illustrations the construction of this im- 
mense work will })e clearly understood, and some idea of its magnitude 
will also be gained. 
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CHAPTER XII. 



A BOULDER WING DAK 

There are numerous localities, especially in the Western States, 
where a water-power of considerable value may be obtained by divert- 
ing a portion of the current of a stream of too great width ana volume 
for the erection of an ordinarjr dam, directing the water into the race, 
and making the latter of considerable length so that a fall of several 
feet may be produced, with an abundant and unfailing supply of water. 
In such cases, it has been found in practice a very expedient course to 
build what is called a Wing Dam, an example of which is presented in 
the accompanying engraving. This consists of a dam in two distinct 
sections, one on each side of the stream, and one section* considerably 
farther down stream than the other. The obvious purpose of this ar- 
rangement is to throw the current, by means of the upper wing of the 
dam, to the opposite side of the stream, where it encounters the other 
wing and a part of it passes into the race, the remainder escaping 
around the inner end of this portion of the dam. This, of course, does 
not constitute an economical appropriation of the full power of the 
water contained in the stream, ana is only adapted to cases in which 
there is a plentifiil supply of water. Another and very important use 
which this description of dam is made to serve is that of forming a 
channel for navigation in streams which in their natural state are too 
shallow. An instance of this kind may be observed on the Mississippi 
river in the vicinity of Keokuk, Iowa, where a rapid occurs in the 
stream for a considerable distance, and the depth of water, without some 
artificial concentration, would be insufficient to allow a boat of any 
considerable draft to pass. A series of wing dams or breakwaters has 
therefore been constructed at this point, alternating from bank to bank, 
and kecjping the water in a comparatively narrow channel, of such depth 
as to admit of navigation. 

A wing dam is particularly adapted, or rather is most conveniently 
built, across a stream having a gravel or stone bottom, as its construc- 
tion renders it peculiarly liable to be undermined at the inner end of 
each wing. The distance to which the wings extend into the stream 
will be determined by the width and depth of the river, the strength of 
the current, and other attendant circumstances. In very wide and 
shallow streams where the current is not powerful the wings mav lap 
beyond the paint at which they would meet if started at directly op- 
posite points ; but in a deeper and swifter current this would not be ad- 
visable, as the water would be very apt to undermine the exposed ends 
or abutments of the wings. For the same reason it is a work of some- 
what difficult nature to build a dam of this kind upon a soft bottom, 
especially where quicksands occur; the great obstacle being the ten- 
dency of the current to wash out beneath the foundation, of tKo. oxVfciSi. 
This can on\y he obviated by driving down pWea v^xy \\i\0»X'^ ^\A \Rk ^ 
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considerable depth, and attaching the timbers of the dam to them. 
The extent to which the precautions of this nature must be carried will 
depend upon the character of the river bed and all the other conditions 
above alluded to, which must be carefully considered and estimated in 
order that the structure may be made capable of resisting the attacks 
which will be made upon it. 

On a solid bottom, this description of dam may be built in the style 
and of the material of any of those which have been illustrated in pre- 
ceding chapters, either logs, planks, crib-work, gravel or boulders being 
nsed, as may be found most economical or convenient. In our illus- 
tration a dam is shown, constructed of boulders with a crib abutment at 
the inner end of each wing. The process of building such a dam is 
veiy simple, and requires but brief explanation. The cribs are first to 
be laid, as great difficulty would be experienced in their construction if 
deferred until the other portions were finished, on account of the cur- 
rent which would then have been created by the confinement of the 
stream. In buildins the cribs, logs ten or twelve inches in diameter 
and about twenty Ket in length should be used, notched upon each 
other and firmly pinned together; and in some cases, even on a mod- 
erately firm bottom, it may be well to drive down piles at the corners of 
the cribs and pin the logs to them as strongly as possible. Upon a rock 
bottom the foundation logs should be fastened down by means of 
anchor-bolts. The cribs are of triangular form, the point being up- 
stream ; and they are to be filled with coarse stone or gravel, or any 
material which is not liable to be washed out ^ The boulders for the 
remaining part of each wing are then thrown in, a broad base being 
given to we dam to secure the requisite stability. The hight of the dam 
and cribs should be such as to bring them a few feet above low water 
mark. In time of flood, the water will of course pour over the whole 
structure. 

The construction of the race does not differ from that employed in 
connection with an ordinary dam, except that to obtain the necessary 
fall it requires to be carried an unusually lon^ distance below the point 
at which the water enters it In some localities the race is made a mile 
or more in length, the descent being so gradual that an effective head 
cannot otherwise be obtained. But notwithstanding the apparent waste- 
fulness of this method of utilizing the power of a stream, it is often very 
profitably employed, and is indeed in many cases the only practicable 
means of tuminj^ to useful account the resources offered by a water 
course of great width and very gradual fall, or upon which, owing to its 
interference with navigation, a dam cannot be constructed. 

The length of race represented in our illustration is less than will 
usually be required with a dam of this description, the fall here shown 
in ihe stream being comparatively rapid. 
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CHAPTER XIII. 



A BRUSH, STONE AND GRAVEL DAM. 

It frequently happens that a dam is to be built in a localitgr 
neither timber nor rock is extremely abundant, although both am to 
be had in moderate quantities without excessive cost; and wheivfln 
bed of the stream is such that any one of a dozen different metlMOdi 
may be followed in the erection of the dam, neither possessing v^ 
striking advantages over the rest. In such a case as this it is a mMier 
of economy to the mill-owner to use all the different resources at Ui 
command without any disproportionate tax upon either ; and ttj 
availing himself of all the favorable conditions presented, he cu 
generally make a strong and reliable dam without employing, to ainr 
great extent, the skilled labor of the carpenter. A dam of thu 
composite character, including logs, brush, stone, gravel, sand, loaitt, 
and even clay in its materials, and depending upon its shape rather 
than on any peculiarity of construction for the necessary duralnlify, 
can in many places be made more cheaply than any which we hAve 
yet described. 

The engraving herewith presented gives a view, taken from natere, 
of a dam of the kind above referred to, the locality being on Mm 
River, in Clark County, Ohio, and the owners of the power MeMn. 
Snyder & Bro., proprietors of a flouring-mill and several other maDQ- 
facturing establishments. The bottom of the stream here shown is a 
mixture of mud, sand and gravel, with a low bank of black soiL Ir 
constructing the dam, the first step taken was to throw in lante 
quantities of brush, which was piled up until it reached, as it laj in 
its loose state, a height of ten feet or more. Boulders and coane 
stone were then thrown in, crushing down the brush, and toward ths 
top of the dam finer rock and gravel were put in. The brush and 
stones, being thus piled and mixed together, had the effect to hold eadi 
other in place ; and it should be observed that the brush was of all 
sizes, trees and saplings, some of them forty feet in length, being laid 
in with the butts down stream. 

In topping off the dam, the rocks and gravel were thrown on so as 
to form a natural slope on the face or downnstream side. The dam 
was so built as to form a curve, arching up stream, so as to throw the 
water passing over it toward the center and thus protect the banks 
from washing. The length of the dam here illustrated is about 100 
yards and the height about four feet, the stream being of considerable 
width and comparatively shallow. The crest of the dam is of coarse 
irregularly proportioned, but it has an average breadth of about six 
feet. 

Especial care must be taken in putting in the " filling " of a dam of 
this description — for which purpose gravel, sand and loam are used — 
to close up thoroughly all the spaces and apertures between the rocks 
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and among the brash and logs. If these are not completelv filled, tiw 
water may find its way into the interior of the dam and it will be 
almost impossible to rejjair the mischief when discovered. If clay is 
used at all in filling, it must be in small quantity, and thorou^ly 
mixed with the other materials, as it is the most unreliable of them iJl 
in resisting the inroads of the current. 

The base of a dam of this kind requires to be of considerable extent 
in order that it may be perfectly durable. A width of twenty^five feet 
from the foot of the upper to that of the lower slope will in ordinaiy 
cases be sufficient. It will be seen by the engraving that a dam of this 
sort becomes in process of time a permanent barrier to the current, 
apparently more the work of nature than of art, but none the less 
effectual in rendering available the power of the stream. 

Nearly all the dams on Mad River are of the same general descrip- 
tion as the one here represented, and have proved very durable, haying 
stood the test of many years' use, and numerous floods of great violence. 
The locality shown in our sketch possesses peculiar historic interest, 
being within a few hundred yards of the birth-place of the celebrated 
Indian warrior, Tecumseh, the tragical end of whose career has formed 
the theme of much vivid description and supplied one of the most 
&miliar illustrations of the school geographies of the last generation. 



CHAPTER XI r. 



CONSTRUCTION OF A DAM BETWEEN COFFERS. 

The necessity of a co£fer dam to protect the permanent dam while 
in process of construction is sufficiently understood* by most persons; 
but the manner in which the work is undertaken and carried throng 
is not so fully known. 

The co£fer dam here represented is of the kind adapted to streami 
having a mud, clay or sandy bottom into which the piling can be 
driven. Where the stream has a rock bottom a different mode of 
procedure is called for, of which we have only space in this chapter to 
say that it requires in the first place the sinking of cribs filled with 
stone, at suitable distances apart, against which crib sills are laid and 
planks thrust down vertically on the outer side of the sills, against 
which they will be held by the pressure of the water ; or if the cribs 
are very close to each other, the planks may be put down horizontally, 
the water holding them against the cribs. For the coffer illustrated 
in our engraving, the first step is to drive down the piling, for which 
purpose planks should be used eight or ten inches in width and two ot 
three inches thick, according to the depth and resulting pressure of 
water. For each coffer — the one above and the other below the point 
where the dam is to be built — ^two rows of piling are driven down, from 
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two to four feet apart, and to a sufficient depth to give them streiilA 
and firmness, the requisite depth depending on the solidity ofttB 
bottom. Particular care must oe taken in driving down the piling ts 
keep the planks as close together as possible, so that any liability to 
leakage will be avoided. The space between the two rows of piling it 
filled in with any convenient material which will not wash out. Cw 
will answer the purpose, but soil or loam containing but little clajn 
to be preferred, and is still better if mixed with hay, straw or loflg 
manure next to the sides of the planks. The liability of clay to ifitt 
out has been alluded to in previous chapters, and where the otiicr 
materials mentioned can be obtained it is advisable to use them. 
Previous to the filling, however, binders must be put in as shown in 
the cut, for which purpose four or six inch scantling may be used. TIm 
cross pieces, of the same material, are pinned to the binders and seire 
to hold the two rows of piling against the tendency of the filling to 
spread them apart. 

The distance between the upper and lower coffer will be in oidinaij 
cases from 50 to 200 feet, according to the width it is intended to pn 
to the dam. It is important that plenty of room should be left between 
the coffer and the dam to admit of working and hauling in materiil 
from the shore side. If the coffer, owing to very strong pressure or 
some accidental imperfection in its construction, is found liable to 
cave in, it may be braced on the inner side, the props extending from 
just beneath the binder to the ground; or the same object maybe 
accomplished by placing timbers across the entire width between the 
coffers (if the distance be not too great) above the top of the dam. 

The coffers having been carried to the middle of the stream, they axe 
to be connected at the end by a structure of the same kind extendiof 
from one coffer to the other, and thus leaving the current of the river 
to pass on the unobstructed side of the stream. The constructioi 
of this end-coffer, which has its direction parallel with the stream, 
is in all essential respects the same as that of the upper and lower< 
side-coffers. The next step, the entire coffer for this half of the diua 
having been completed, is to pump the water from the inside of the 
enclosure, which must be done with a steam engine and pump U 
suitable capacity. The first half of the dam is then put up to iti 
proper height This having been done, an additional ena-coffer is imt 
in, within the enclosure, ten or fifteen feet from the mid-stream end of 
the dam, and parallel with the stream and the end-coffer previously 
erected. This extra coffer extends between and connects the two 
main upper and lower coffers, and unites at its middle with the dani. 
its connections with which must be perfectly tight. The upper i^ 
lower coffers, from the shore to the cross-coffer last constructed, are 
' now torn out, and similar coffers are built from the other side of the, 
stream in the manner already^ described, connecting with the portiou 
of the first coffers which remain standing. The end-coffer first built k 
now taken out, which leaves the enclosure on this side complete, with 
the dam projecting into it ten or fifteen feet. The water is now 
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pumx>ed out of the new coffer and the remaining half of the dam is 
then bnilt 

The second coffer must be made somewhat higher than the first, as 
the water, which is changed to the side of the stream from which it 
was turned by the first coffer, has now to pass over the dam, and will 
consequently rise to a ^eater height on the up-stream side. In the 
cut, a comparative!;^ smggish stream is shown, the water being at 
nearly the same heicht above and below the coffer; but in a rapid 
stream, the water will be lower below the coffer, and the down-stream 
side of the coffer need not therefore be made so high as the up-stream 
fidde. 

The dam having been completed in every respect, all the coffers 
which remain standing may^ either be taken out or left standing, as 
desired, and the work is done. 

In our illustration, a frame dam is shown in process ot construction 
between the coffers ; but it is of course a matter depending upon the 
choice of the builder and the circumstances of the case what kind of a 
dam -shall be erected. As the frame dam which we have chosen to 
illustrate in this instance is of a somewhat different character from 
those represented in previous chapters, we will briefly describe its mode 
of construction. The sills of this dam are thirty feet in length and 12 
inches square. The bents, each one of which is composed of a sill, 
three upright timbers and two rafters, are placed at a distance of 10 or 
12 feet apart, and all the timber used in them should be of nearly the 
same width and thickness as the sills. The rafters and uprights are 
strongly pinned to each other and to the sills. The ribs or stringers 
of the fiame are 12 bv 8 or 10 inches, and are bolted to the rafters. 
The planks of which the covering of the dam is composed are 2 or 3 
inches in thickness and from 10 to 16 inches wide, and are spiked or 
pinned to the ribs. The joints of the planking should be made very 
close to prevent the dam from leaking; or what is still better, the 
planking may be made double, the upper course breaking joints with 
the lower ; in which case the planks need not be so thick. In the cut, 
a narrow apron is shown on the down-stream side of the dam, the 
planks of which extend inward under the covering, and are spiked or 
pinned to sills beneath them running lengthwise of the dam. This 
apron may be made much wider if the flow of water and the nature of 
the stream render it desirable. The height of the dam in our illustra- 
tion is about ten feet. For the filling, gravel, small stones or boulders, 
mixed with soil, should be used. Upon a tolerably firm bottom this 
dam will be found very safe and durable, its broad base and the manner 
in which the water strikes and escapes from it being such as to give it 
9k high degree of resisting power. 

In taking down the coffers, it should be here remarked, the filling 
^hich has been used in them may be thrown on the up-stream side of 
the dam, where it will serve a very useful purpose in preventing the 
entrance of water and undermining of the structure. 
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STONK DAM NEAR FRANKFORT, KENTUCKY. 

Thr Fcictic'p (if rtiim-lmilii'mit in % compre he naive one, tbe "■ 
(■mliraiiil IP it nint(>"K <'"><" thr rudent and cheapest barrier ^HAi 
lie liiiilt i>f omrlh ami rUtw*. fiir a Amall mill, upon a eh»llwr"~ 
lip Id tlin iiiuMt ntunfive ntir] i-ngUy atructures, such as the ~ 
ami Miiliiii! dniiiH i1tiiKlniti-iI in previoiu chapters. The 
liiTi-with iiri'Kntvd Kivi'H n vii>w of a dam wEiich may be 
hi-lonjjiii)! til tlio laNt )i)i>iiticini?d claw, inasuiuch as it 

alily liiiilt iHily wlii'n; a Inrjio biixinrsa la to be done 

Hiiiiiiint iif L-npital in iiufshd. The masaiTe and BO^taBL— 
nf (liiH diiin will atriku thcri'iidcrat aelance; and it has, i£j 
an imiiOHiuKeri'liiii'i'turnl pflit't wilh the two towera at iti ' 
and the hpavy iiiusinirv cjHeiiding from and conneirtinj 

Tlie atmnin nn vrliich tbia dam la built has a rock L. 
tevctcd down to recpivo the fonndation atones. The 
main portion of the dnm and in the towere are each , 
thick, four or five feet wide, and from Kix to «if[ht feet long, 
laid Ictinihwisp wiih tlie dnm, and are ciit wedding or 1>«- 
ends so lis to fit anugly U> I'lic-h otlii'r and form in a solid 
curve of the dnm, m llio same way that the atones of i_ — ■-— , 
ahaped to corrcapond with the form of the structure. They BrnKii 
hydraulic cement, or "vater lime," the natare and use of^lt 
sabatance, the peculiar treatment demanded for stone-work 9tif 
up, and other details of thin part of the work, belong to tkonWi 
province of the stone-mnnon and will be siiRicicntly □ndenMn'' 
competent workman at thnt trade. -W 

The face of the dam consists of one tier of Rtonea of thflBM* 
built up in the manner above described, and the back or UfMitonHBi 
is composed of loose flat stones laid up without much refrulxtlbFi 
work beinK finiahed by filline with earth and email atones, iitdnii„ 
tolerably gradual slope on the up-stream side and living the dam 
wide and subBtantial base. The face of the dam, composed of di 
solid tier of masonry, inclines slightly up-stream, varying but a ftaK 
two from a perpendicular. 

The length of the dam here shown is abr>\tt .^00 feet betweenlli 
towers. Its width at the base is 8 feet and nl the top 5 feet, sndil 
height about 12 feet. The towers are each 1 r feet bigh, 18 feet Mil* 
at the base, and 12 feet square at the top. The number of conrsoi 
stone in the main dam is six, the stones being, as already stated, 1* 
feet thick. 

From the tower at the right of the picture a wing or continuation! 
the daro runs out, keeping the same general direetinn as the dam ileri 
its purpose being to keep the earth from washing out, the bank beii 
n soil and very low on this «de of the stream. On the oth 
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sido tho hiink is nf siiflu'iont hoi^ht to require no protectioii of tUi 
kind. Tho dimoiisioriH of the wing wall are less than those of thenaii 
diim, QR it hiiH much Ic.vr pressure to resist From the same tower vi& 
which th<; win^ wall connects, a side wall of somewhat greater witt 
and height extends up the Htn^im, along the bank to the entnaeeif 
tho race, protecting the bank from beintf overflowed or worn avijtf 
tho stream. A similar wall also exton(u a short distance abofsfk 
nice, and l)oth sides of the race are in like manner strengAmi 
against tho action of tho water, their walls being somewhat lowvAii 
those alonfs the banks of the stream. At the entrance of the IMS n 
placed head->:ates, which are not represented in our engraving 

A tablet on the face of one of the towers bean the name of At 
owner of the dam, date of construction, etc. 

Our ilhistration fi^ives a view of the dam by which the powii 
furnished for the extensive fl(mrin|r mill of Mr. Geo. B. lfaiiskm,ftv 
miles from the city of Frankfort, Kentucky. The course ofthestmi 
at this point is such (makini; what may be called a ''horse-ahoe'bfidl 
that by running; the race from 200 to 300 yards a iall of 11 ifcfit ■ 
obtained. The firm of James Leffcl k Co. have put in three of Aor 
improved Double Turin ne wheels in this mill, from which fact 'aa Ml!* 
may be formed of the amount of business it is designed to md 
ana which fully justiiies the thorough and durable manner ia 

the dam has been constructed. The dam was completed abovt 

years since, and is one of the most substantial structures of teUM 
to be found in the West or South. 



CHAP T Eli AT/. 



PILE A\D BOULDEU DAMS. 

A point of vital importance in the construction of a dam is to pro- 
vide against the eflfects of the overflow, which has a constant tendency 
to undermine the foundation of the dam by gradually washing out tf 
wearing away the bed of the stream at the point where it strikes. THi 
is in fact one of the chief difficulties to be taken into account in buildinf 
a dam, and it is at this point, perhaps, as frequently as any other whij 
can be named, that they prove to be defective. The working of thi 
water in the manner described is often so gradual and insidious thatiti 
effect is unobserved until made apparent by the giving way of tte 
foundation at one or more points, and this very probably at a season i 
high water, when even an attempt to repair the mischief is scarcelf 
possible and is apt, if made, to prove ineffectual. The location of the 
breach, moreover, being at the very base of the dam, where the weight 
of the structure and the pressure of the water bearin|5 upon it is chieflj 
felt, renders the task of making eood a defect of this kind after it bai 
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thiiH lH'tniv<-<I itsrlf an cxctMMliiiirly arduous one. In manjiiuiti 
huM Im'«>ii ttMiiid iiniHissihic to piM'torin the work successuilly, i 
loss and i'iitiri> n>l»uililiii)j: of the dam has proved the neceastn 
qut>iic(Mif till' ii«>;:lrfi to make it in the first place secure sgau 
iiartitMilnr danger. In this matter, as in a thousand others, exp 
liaK rciH'atcdly hhnwn tliat an ounce of prevention is worth a po 
('un>. A duo n'i::ird IM-Iorrhand for the known conditions of tli 
and t))e well undcr.-tood action of water in flowing: over a dam,v 
many hiindrc<Is ofdnllars in suhsequent repairs and rebuildinf, > 
as in the incidental losses which attend a breakdown of thiskino 

The methods of construction adopted to prevent this destrudJ 
tion of the water artf various, and somd of them have already btti 
tratcd in this vcdume. In some cases the horizontal apron pra 
from the foot of the dam down stream is found sufficient; in 
others nn apron is made forming a gradual inclined plane fio 
crest of till? dam to a iH>int some distance down stream, thus pen 
the water to eseapi; in u switl current instead of a heayj peipend 
fall. This is an excellent method uf breaking its force, prondi 
inclined ])lane is itself stron;;ly constructed with a firm foundstic 
with no liability to leakat^e. 

We illustrate in the en«:raving here presented two forms of coi 
tion for a dam hy which the jirevention of injury by underw 
effectually attained. A glance at cither of the two fibres in tl 
will show that there is scarcely any possibility of the water wi 
either downward in the bed of the stream or backward under the 
datioiis. i^)th these methods of construction partake of the nat 
the inclined plane, it being so modified in the second as to const 
series of steps by which the force of the water is broken and it 
ried in successive easy stages from the top to the bottom. Thest 
of the materials used and of the method in which they are em; 
will also bo ohserved. In Figure 1 an open frame of timber is 
sented, into which are inserted large boulder stones, forming a a 
mass of boulder sheeting resting on gravel, and nearly impervi 
water. The timbers here used should be larije, say a foot squii 
firmly pinned together. The bight of the dam in Figure 1 ii 
eight feet, and the bents, each consisting, as shown, of the thi 
rights, the inclined rafter and the intermediate brace, should be 
at intervals of six or eight feet along the face of the dam. A 8 
is bolted to the top of the second upright, under the rofter, as sb 
the cut, and one end of the brace is let into this stringer, the oil 
being pinned to the highest upright. At the top of this b 
also, will be seen a heavy stringer bolted on each side in such a 
to form a level surface at the crest of the dam and protect the st 
at that point. In addition to the brace shown in the engraving 
may be put in in a similar manner, giving additional strength 
framework. 

In Figure 2, the same principle of construction will be observe 
modifications suited to a region where tlm\i<iT \^ ^\^w\:\^>aL 
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xicture is composed of piles driven at right angles with the direction 
the stream and placed in rows, properly stayed and covered with 
EUiklng firmly nailed to the horizontal and vertical timbers. If it is 
iSired to have the strux^ture perfectly water-tight, a line of sheet piling 
ay be driven in, in the line of the dam across the whole breadth of 
e stream, and this being again supported by foot piles and s^ys at 
fferent distances, a tight and very durable dam is the result The 
Rter falls in cascades over the series of steps, and any injurious effect 
1 the foundations is prevented. The method in which the horizontal 
mbers are pinned to the uprights and the stringers bolted to the top 
Teach upright will be readily understood by a glance at the cut. The 
IDQLbers in this dam need not be so ^SLVge as in Figure 1, six or eight 
iches square being amply sufficient. The bents in this, as in the other 
am, may be put in at intervals of six or ei^ht feet. 
The construction of both these dams, aside from the framework, is 
pry simple, and presents a safe and substantial resistance to the 
lessure of die water. The rip-rap of the embankment on the upper 
ide may be carried farther, if desired, than is shown in the cut ; and 
he proportions and extent of the layers of boulders may be varied in 
ay direction according to the judgment of the builder and the circum- 
iMices of the case. 



CHAPTER Xril. 



STONE DAMS. 

I Whatever may be said in favor of other descriptions of dams, whether 
ey be frame, crib, log, pile, earth, brush or iron dams, it must still be 

dtted that stone is on many accounts the most suitable material for 
rier against the pressure of water, and the one which will naturally 
selected where the circumstances do not make it too costly, or where 

object in view cannot be as effectually accomplished by more con- 
lient methods. Stone possesses more of the qualities which are val- 
)le in a dam than any other substance. Its weight, though it renders 

work of building more arduous, is a source oi strength when it is 
ice in position, such as can hardly be given to any other material ; it 
[sabject to neither rot nor rust, and unless undermined or caved, in 
^nsequence of the weakness of some other part of the structure, it is 

liable to yield to any of the ordinary forces which a dam is intended 
i resist When properly guarded from the gradual inroads of the water 

mgh apertures or crevices, or in the form of underwash by which 

foundations are sapped, a stone dam is an immovable bulwark and 
fill withstand the heaviest freshets, saving in the long run^ in mam^ 
ses, by the avoidance of any outlay for repairs, Ta«k\i^ xkxcife^^^ ^\'&5«r 
»ce between its cost and that of cheaper lout \eaa T^Y\«^i\fe ^\xvsL<iNMT<Ke.. 
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re is composed of piles driven at right anglei with the direction 
BtreBm and placed in rows, properiy stajed and covered with 
ig firmly nailed to the horizontal and vertical timbers. If it is 

to have the structure perfectly water-tight, a liae of sheet piling 

driven in, in the line of the dam across the whole breadth of 
MO, and wis being again supported by foot piles and sjaya at 
it distanoes, a tight and very durable dam is the result The 
ills in cascades over the series of steps, and any injurious effect 
IbnndationB is prevented. The method in which the horiionlal 
J are pinned to the uprights and the stringers bolted to the top 

upright will he readily understood by a glance at the cat. The 
, in this dam need not be so Inrm; as in Figure 1, six or eight 
aquare being amply suHicient. The bents in this, as in the other 
aijbeput in at intervals of six or eight feet, 
(onstroction of both these dams, aaido from the framework, is 
mple and presents a safe and substantial resistance to the 
(tof tte water. The rip-rap of the embankment on the upper 
I carried farther, if desired, than is shown in the cm; and 
ons and extent of the layers of boulders may be varied in 
lU according to the judgment of the builder and the circum- 

tf the case. 
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We illustrate in this chapter two different forms of a stone dam, both 
of which have the attributes of strength and permanency, the choice 
between them depending on the character of the stream and the means 
of the builder. Figure 1 is a sectional view of a dam constructed in 
England by the celebrated engineer Smeaton. It has, as will be seen, 
a long incuned slope on each side, above and below, and the extent of 
base in proportion to the hight is such as to contribute immensely to 
the stability of the dam. At the crest of the dam and inclined down- 
ward, will be observed the ends of two courses of flag stones, which are 
so laid as to break joints, footed upon grooved sheet piling with bearing 
piles and stringer, and supported by a thick and wide layer of "rubble 
or small boulders underneath the nags. Live moss is packed between 
the flag stones to prevent the silt being driven through. At the foot 
of the dam is another row of sheet piling, similarly supported, and pro- 
tected by a fir plank at top from the action of the water. Over the 
layer of rubble is placed a row of regular stones, laid endwise and lean- 
ing, so as to be perfectly secure from derangement by floods. In the 
up-stream direction from the crest of the dam is also placed a layer of 
rubble with a tier of flat stones above it and at the up-stream end of the 
dam is a single course of large flags reaching from the surface to the 
base of the dam and held down by a filling of small stones. A dam of 
this kind is adapted to a stream having a soft bottom either of loam or 
clay; but if there is a sandy bottom the piles must be driven to such 
depth as will give them a firm hold, and special care must be taken to 
suard against underwash at the foot or down-stream extremity of the 
dam. 

In Figure 2 is shown a dam built upon a somewhat different princi- 
ple, composed of solid masonry instead of rubble and flags, and having 
a curved or concave apron instead of a gradual slope on the down- 
stream side. On the up-stream side the construction is very similar to 
that of the dam in Figure 1, except that stones of more regular shape 
are used ; and in all parts of this dam reliance is placed upon heavy 
and compact stonework instead of piling. The water has at first a 
nearly perpendicular fall, but is carried away in such a manner by the 
curve of the apron as to entirely lose the direction which would give it 
an injurious effect upon the foundation. The construction of this dam 
throughout is so distinctly shown by the sectional view here given that 
it requires no further explanation. 

An English writer on the subject of the construction of dams remarks 
that "rapid rising of the waters and sudden changes in the state of the 
river are too often neglected, with disastrous consequences to works of 
this kind, just on the eve of completion, or to the lands above the dam 
in consequence of flooding caused by the obstruction of the dam. In 
cases where this last danger is apprehended, a self-acting dam has some- 
times been employed, consisting of a massive frame oi planks carried 
across the river and attached by hinges to the crest of the dam. This 

Slank is maintained in a vertical position in ordinary conditions of 
ow by balance weights attached or hung over 'wYie^\& \x^\i \Xifc ^vck% 
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walls, BO as to retain the maximum desirable head of water. In floodi, 
the increased preKsure of the overflowing water overcomes the baUnoe 
weights and throws down the plank into a horizontal position, openii| 
a me passage for the water." 

We have given, in preceding chapters of this work, a larfe number of 
plans for the construction ot dums, applicable to the different sitm- . 
tions and conditions which are likely to occur, and based upon genenl 
experience and the essential principles which are to be kept in viewii 
an undertaking of this kind. The remaining chapters wnl be chiefly 
devoted to the illustration and description of dams which have actuaQr 
been built in different localities in our country. This method, while it 
may give less scope for original suggestions and the discussion of use- 
ful theories bearing upon our subject, will give our readers an eminent^ 
practical view of the extent of some note-worthy enterprises of tbi 
class, and the minor details involved in their prosecution. 



CHAP TEE Xrill. 



DAM AT LAWRENCE, KANSAS. 

The engraving herewith presented is one of a series executed by onr 
artist from the original plans of a dam across the Kansas River at Law- 
rence, Kansas, constituting a work of such magnitude and possessing 
such a degree of practical interest that we deem it worthy of minute 
description and illustration. The Kansas river is about nve hundred 
miles in length, and drains upwards of fifty thousand square miles of 
land west of JLawrence. The minimum flow of water at Lawrence is 
about three hundred thousand cubic feet per minute, and has an ave^ 
age declension of about three and one-half feet to the mile. The water 
having a rapid flow, the river rises slowly in times of excessive rains, 
and reaches but moderate bights ; the greatest rise within a period of 
four years being only six feet; and the water did not remain at that 
bight more than twelve hours. 

The dam is intended to raise the water eight feet; though it has been 
built with a base sufficient to carry a dam ten feet in hi|j;ht, whenever 
it may become necessary ; and the river banks are sufficiently high to 
prevent overflow. The average width of the river is about six hundred 
feet. The len^h of the dam, including head-gates, piers and abat- 
ment, is seven hundred feet. The river bed, for three-fifths of the dis- 
tance across from the south bank, is solid rock bottom; the remainder, 
to the opposite bank, being composed of coarse sand and gravel with 
occasional strata of blue clay, the first of which occurs at ei^^t feet 
from the surface of low water. The dam is provided with two canals; 
one on each side of the river. The canal on the south side is sixtj feet 
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in width, and thnt on tin* north side fif^y feet, both to be provided witk 
HiiituMc head and tail pitcs. 

Our pn^sent illustration shows only the ground plan or map of the 
I^awrence dam, including also a portion of the stream and the vicinUj 
on l)oth sides of the river. The location and relative position of ■A 
parts of the structure are clearly shown, as are also the waterjiowtf 
lots, the bridise aljove the dam and those across the two race wayi^tlie 
railroad passing; the whole leiifrth of the water-power tract on the wanSk 
side of the river, the location of several streets on each side, andthatof 
the Flouring; Mill on the north and the city Water Works on the lOiiA 
bank. The Water Works are to l^e operated with power obtained Iff 
moans of the dam, the contract with the city stipulating that for a find 
sum it shall be entitled to use sufHcient power to raise two million pi- 
Ions of water one hundn>d and fifty feet hi^h eveiy twentj-fbnr hovn. 
This is but an insignificant fraction of the a^^egate power which ths 
dam will furnish, the total amount to be afforded aceordinic to the oril- 
iiial plans being estimated at 2,500 horse-power; and hx the increaseu 
bight which can be made, as already stated, from 1,000 to 1,600 addi- 
tional horse-power will be secured. 

We reserve for our next chapter the details of construction of ths 
dam, which will be fully illustrated, showing the thoroughness and in- 
telligent skill with which the enterprise was conducted, and thereUaUa 
character of the stnicture as regards the vital qualities of strength aad 
durability. The work was carried on by Mr. Orlando Darling, of I#1^ 
rence, a civil engineer by profession, and a man of rare energy and 
practical judgment. We are indebted to the courtesy of Mr. iSuding 
for material both for tliis article and for our illustrations. 



CHAPTER XIX, 



DAM AT LAWRENCE, KANSAS.— ( Con^inwccf.) 

The river at Lawrence, as stated in our former chapter, has a lock 
bottom for a distance from the south bank of three-fifths of the width of 
the stream, the remaining two-fifths, on the north side, beins chiefly 
sand and gravel. That portion of the dam which rests on rock bottom 
is 315 feet in length from the inside of the head-gate pier of the south 
gateway, and is to be built of cut stone of large dimensions, thoroughly 
cemented. ^ We present in the accompanying engraving this portion of 
the dam, with the head gateway and canal on the south or Lawrence 
side of the river, showing also the city water-works, and the railroad in 
close proximity, as has already been indicated in the plan. The dam 
is represented as if cut in two a short distance from the head-gate pier, 
in onier that its internal construction may be clearly seen. The north 
portion of the dam, resting on the sand and gravel bottom, does not 
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appear in this cut, but will be fully illustrated in our next cbapter. 

The base of the rock dam is twenty-one feet, the whole width on top 
to be covered by one stone eight feet in length, with its upper comer 
beveled off one foot, leaving a flat surface on top of seven feet. The 
sides of the dam present angles of forty-five degrees with the base, and 
the water falls in cascades over the series of steps, any injurious effect 
on the foundation being thus prevented. The sides of the dam are 
composed of stones of not less than six feet in length and eighteen 
inches in thickness, laid in transverselv or crosswise of the dam, the 
center being filled with concrete. The dam, as has already been 
stated, is intended to raise the water eight feet, but has sufficient base 
to carry a dam ten feet in hight if found desirable. The manner in 
which this portion of it is constructed is so clearly shown in Uie cut 
that with the aid of the brief explanation we have given it will be fully 
comprehended by the reader. 

The head^ate way and canal on the south side, here represented, rest 
on solid rock, it first beinff excavated to below low water mark, and 
the water from the wheels being discharged through the arch-ways in 
the inside wall into the river below the dam. The floor of this canal 
will be hereafter described. 

The stones for the masonry are all procured from a remarkable 
quarry of very durable stone, situated in Jefferson county, on the line 
of the Kansas Pacific Railway, ten miles west of Lawrence. From this 
quarry an unlimited amount of stone, in square blocks exactly eighteen 
inches in thickness and of any length and width desirable, may be pro- 
cured. The two canals in connection with the dam are about one-half 
mile in length, and the Water Power Company owns and controls all 
the lands lying upon the canals, for their entire length. The water- 
power lots are from 150 to 450 feet in length, lying in the center of 
Lawrence. The railroad track on the south side of the river, which is 
shown in the cut, is about ten feet higher than the top of the outside or 
bank wall of the canal, which is eighteen feet high, above low water. 
The inside or river wall, below the piers, is nine feet high, being only 
two feet higher than the dam, and will serve as an overfall for the water 
in time of flood. 

The construction of that part of the dam resting on the sand and 
gravel bottom will be described and illustrated in our next chapter, to- 
gether with some additional particulars in reference to the canals and 
head-gateways. This remaining j)ortion of the dam comprises 210 feet 
of the distance across the stream, inside of the head-gate piers, having 
but about two-thirds the length of the part built on the rock bottom; 
but its construction presents more difficult problems in engineering, 
and more interesting features as regards the selection of materials and 
their employment in such a manner as to secure the requisite strength 
and solidity, than any part of the work thus far described. A rock bot- 
tom gives a natural foothold for the superstructure of a dam which 
^eatly simplifies the task of the builder ; but upon a soft bottom his 
ingenuity and fertility of resource are called largely into exercise. 



DAM AT LAWBENCE, KANSAS. 63 

CHAPTER XX. 



DAM AT LAWRENCE, KANSAS.— (Cbntowcd) 

We give in this chapter our third and concluding descriptive article 
and illustration of the dam at Lawrence, Kansas. In our first engrav- 
ing the ground plan of the entire dam and both banks of the river were 
-shown ; m our second the position of the dam resting on rock bottom, 
eactending from the south bank 315 feet or about three-fifths of the width 
of the stream, including also the canal on the south side, the head gate- 
ways and the water-woncs building ; and in the illustration here given 
we represent the remaining part of the dam, resting on a bottom of 
sand and gravel, and extending 210 feet, from the north bank to the 
end of the rock bottom portion, with which it connects. The canal on 
the north side and the head gateways are also shown ; and the con- 
rtraction throughout is so clearly delineated in the cut that with the 
aid of the following description it will be easily understood, and the 
reader enabled to appreciate the care and thoroughness with which the 
work has been conducted. 

The portion of the dam here illustrated is of the kind known as a 
firame or crib dam, and rests on a foundation of trees and rock. The 
bed of the stream is first reduced to a uniform depth of about five feet 
for a space of eighty feet up and down the stream. This being done, a 
tree foundation is placed in the river, composed of trees from sixty to 
eighty feet in length, with the limbs entire and the tops up stream. The 
trees are laid as close together as possible and fastened together at each 
end, the trunks touching each other as the^ rest in the foundation, and 
the tops interlocked so as to form a solid mat of brush. The whole 
constitutes a close platform, and is sunk to the bottom with small rub- 
ble stone. Five of these courses or platforms, each constructed as 
above described, are laid down to complete the foundation, and each 
succeeding course is drawn five feet up the river, as will be seen by the 
appearance of the butts of the trees in the cut. As each course or plat- 
form, or part of a platform, is sunk, it is thoroughly weighted, and all 
interstices in the brush or between the trunks are carefully filled with 
rubble, so as to form a solid concrete. The frame consists of eight 
platforms of timber, composed of two main sills 12x14 inches, laid flair 
wise, halved together where the ends join, and bolted with drift bolts of 
inch iron. The main sills are held in place by means of cross-ties 8x8 
inches, the ends of which are dovetailed into the sills. The ties are put 
in at intervals of eight feet, and spiked to the sills with j-inch drift 
bolts. The first platform, forming the base of the dam, is twenty-four 
feet wide from out to out, and is gained into the upper platform of trees 
so as to receive a uniform and level bearing, and each succeeding 
course is thoroughly secured with iron bolts to the course below, re- 
ceding on each side one foot. The breasts of the dam are thus given a 
slope of 45 degrees, and the top is finished mt\i & \^n^\ ^ocd-wi^ ^vsgoN. 
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feet in width. An open platform twelve feet in width is also firmly at- 
tached to the lower sill of the upper slope of the dam, which practically 
makes the base of the structure thirty-six feet in width. As each plat- 
form is laid and adjusted, it is carefully filled with rubble rock of large 
size, all interstices being packed with spawls so as to form a solid body. 

The frame being completed and filled with rock as above described, 
the outer comers of the sills are trimmed off so as to present a bearing 
surface of four inches, and the whole is covered with plank 2i inches 
in thickness, placed in line with the current of the stream, and firmly 
spiked on with six-inch boat spikes. The dam having been built and 
completed in sections, as each section is planked over, a protection is 
placed on the up-stream side, extending thirty feet up the river, having 
a thickness of fully four feet on the open platform, and extending at 
least halfway to the top of the dam on the upper slope. This protec- 
tion is composed of large stones, all the interstices being filled with 
spawls. After a row of tongued and grooved sheet piling has been 
driven at the lower ends of the tree foundation, a large amount of rub- 
ble rock" is placed upon the lower ends of the logs and in the bed of 
the river below. The plan contemplates the use of 10,000 yards of rub- 
ble stone, which is quarried out of the south bank of the river, immedi- 
ately below the dam. 

The head gateway and canal on the north side, which are represented 
in the engraving, rest on ten rows of piling driven closely together, up 
and down the river. The piles, after being sawed off two leet below low 
water mark, are capped by timbers 10x16 inches, laid flatwise, upon 
which is laid a close floor of ten-inch timbers; and this timber floor is 
covered with a floor of three-inch planks, laid in line with the stream 
and firmly spiked down with six-inch boat-spikes. On this platform the 
masonry is laid, each pier resting on three rows of piling driven twenty- 
five feet to the bed rock. Sheet piling is driven to the clay, from the 
bank in front of the head-gates, and along the base of the inside pier 
to the lower end of the tree foundation, thence under the canal to the 
river bank, and along the bank outside of the round piling, to prevent 
any washing of the bank by the discharge of the water from the water- 
wheels. Sheet piling is also driven along the lower ends of the tree 
foundation to the intersection of the rock bottom. 

The canal below the tree foundation is constructed the same as im- 
mediately below the head-gates, excepting that the sand and gravel is 
washed out from among the piling to a depth of about five feet, and then 
rip-rapped thoroughly with stone to prevent any further washing. 
Water-wheels may be I6cated on either side of this canal by merefy 
cutting a hole in the floor to receive the tube of the wheel, and the 
water is discharged under the canal into the channel of the river below 
the dam. The outside or bank walls below the piers are six feet thick 
«t the base, battered on the outside to three feet on top, are eighteen 
feet high above low water, and will serve as a foundation for buildings 
their entire length, as power can be taken at any point alone; the cauaU. 
The piers in which the head-gates are placed are sv^i^^V >S\0«.^Na\\iaaNiX 
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batter un either side, bj eighteen feet in hight The imide or xnv 
walls are six feet thick without batter; and, as alremdj ateled, an bim 
feet high, being only two feet higher than the dam, and thos awnBgii 
time of flood as an overfall for the water. 

The head-gate piers or walls on the south side of the stream an ■>• 
ilar in construction to those above described, except that th^fhaw s 
foundation of solid rock instead of resting upon piles. The floor of ds 
south canal is also the same in general construction as thatof thenoilk 
canal, except as n>gurds the foundation, the posts or piers naporliiigift 
being placed on the excavated rock bottom of the canaL Tne msniur 
in which the water is discharged from the wheels has been IhUy iUv- 
trated, archways being provided for its escape from ^he sooth eanal, 
while from the north cunal here shown it has free passsge ontwsrd both 
at the lower end and at the side, between the piles by which the flootuq; 
is supported. 

The account given of the Lawrence Dam, in the jpresent and tibstvo 
preceding chapters, was prepared in February, 1873; a fact which tibe 
reader should bear in mind in comparing the particulars here iMsd 
with the alterations or additions since maae. 



CHAPTER XXI. 



DAM ON THE TASSOO RIVER, HINDOSTAN. 

The utilization of water power for manufacturing purposes is the 
ordinary, in fact the almost universal object of the construction of s 
dam ; and it has been with reference to this leading purpose that ov 
illustrations thus far have been designed. There are, however, other 
useful ends for which a substantial and durable dam is sometimM 
requisite; and among these is the provision of the necessary supp^of 
water for the daily use of the inhabitants of a large city. Stru ct u re i 
of this kind and for the object indicated are to be found in vanoni 
localities in our own country; but the one we have chosen for dor 
present illustration belongs to a remote quarter of the globe and is 
the work of a foreign nationality ; and it may possess the greater int8^ 
est to many of our readers from the fact of its distance ana. novel^, Sf 
well as its great magnitude and the special necessity which it is to 
meet — that of furnishing to the people of Bombay, one of the lazgest 
cities of Hindostan, an abundant and unfailing supply of water. 

The city and island of Bombay, which have nearly 800,000 inhsin- 1 
tants, are supplied with water from Vehar, an artificial lake in the liills 
of the neighboring island of Salsette. The Vehar reservoir, which was 
constructed by the Government of Bombay about twenty years ago, 
was ceded to the municipality of Bombay in 1863. It is nearly sixteen 
miles from Bombay Cathedral and has hitherto amply supplied tho 
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wantfl of the island; but the rainfall of 1871 bein^ very small, the lake, 
at the ml of the "monsoon," uho periodical wind which blows btf 
the Ycur in ono direction and the other half in tlie opposite, and whid 
in tfio Indian Oc(>an blows from the southwest from April to October, 
hriii;:in)! hnivy ruins, after which it changes to the northeast for the 
rist ut theycur) was nearly ten feet lower than usual. Attention vu 
thus drawn to the possibility of a short rainfall in the ensuing jev, 
1^72, from wliich a deficiency of water would result, with all iti 
consequent evils. To prevent so preut a calamity it was decided t)j 
the municipality to maive a new lake at Too Isi, to supplement Vehar. 
'i'ho valley of loolsi is 112 feet above tho top of the Vehar lake, and 
is divided from it bv only a slight ridge of htlLi. Hitherto the waten 
(lowing; from tlie hills into the Toolsi valley have found their exit I7 



the river Tusson, the source of which is at the end of the valley opposite 
to the rid^e dividing; it from Vehar, whence it flows past ^nneirto 




Of course the Hui>i)ly of water into Vehar from Toolsi can be controlled, 
and if not wuntt^d can ))o kept impounded in Toolsi lake till it is 
requir(>d, any surplus flowini^ over the dam across the Tassoo, and 
escaping by tlie old route. Ihe view given in our illustration is of the 
dam atTOHS tho Tassoo, as it now appears, 30 feet high, with the water 
overflowing. This view siiows but a very small portion of the intended 
lake, tho greater part of which lies behind the low ridge stretching 
across tlic picture. It is intended to raise the dam to a height of 74 
feet. I'he lake, which is but an auxiliary supply, has an area of 300 
atrres of water, containing 1,451,000,000 gallons (besides as much of 
the available rainiall of 'i oolsi as can bo turned into and stored in the 
Vehar lake). All this water, except a few gallons, can be made, 1^ 
oneiiing the penstock in the tunnel in the ridge dividing Toolsi from 
Vehar, to flow into the latter lake, and thence through the main to 
Hombay. Vehar, when full, covers an area of about 1,400 acres, and 
has 2,550 acres of gathering ground, and contains 10,650,000,000 
(i;al1ons, giving a daily supply of ten gallons a head, and TooLu will 
increase it by 4i gallons per head. This additional cheap water supply. 
which will probably last iJombay for twenty or thirty years, is expected 
to cost only four lacs of rupees, a sum equal to about $220,000 in United 
States currency. 

Tho construction of the dam is not shown in detail in our engraTing, 
but a sufficient portion of tho structure is visible to give a very clear 
idea of the plan upon which it is built. The main feature of the work 
IS the broad and solid wall of masonry, of which most of the lower or 
down-stream face is shown. The up-stream face of this wall is covered 
and protected by strong piers of timber, between which are upright 

Slanks, closely fitted and strongly secured ; the top of this part of tht 
am being finished with horizontal stretchers extending l^tween the 
piers. Midway of the stream a space is provided for the overflow of 
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the sarplns water, wkicb afterwards falls over the stone work of the 
dam into the chasm below. On the up-stream side of the timber face 
of the dam is a filling of stone and gravel sufficient to protect the 
timbers and the foundation from undermining or leakage. 

These extensive and admirably constructed works were designed and 
carried out hj Mr. Rienzi Walton, an associate member of the Institute 
of Civil Engineers, and the acting executive engineer of the muni- 
cipality of Sombay. 



CHAPTER XXII. 



LOCK AND DAM AT HENRY, ILL. 

We have described in preceding chapters the construction of dams 
for the utilization of water power, for the measurement of streams, and 
for the provision of a supply of water for the use of the inhabitants of 
a populous city. We now give illustrations and a general descriptive 
sketch of a dam, the object of which is to improve the navigation of 
one of our Western rivers and afford, eventually, a channel of traffic 
between the lakes and the Gulf of Mexico, which will be of immense 
value to the people of our great grain growing States. The most 
urgent need of the agricultural population of the Mississippi and Ohio 
valleys is cheap transportation for their products, by which the value 
of their wheat and corn shall not be wholly absorbed by the charges 
paid in getting it to a good market. As the case stands, the railroads 
do not afford this indispensable means of conveyance at a reasonable 
cost; and without discussing the question where the fault, if any exists, 
is to be found, we may safely say that no greater blessing could be 
bestowed upon the people of the West than direct communication by 
water with the great centers of commerce. 

With a view to securing this most desirable end, the State of Illinois 
has undertaken to improve the Illinois river so as to make it navigable 
for the largest class oi steamers that traverse the Mississippi river at all 
navigable seasons of the year, from the mouth of the Illinois up to 
Lasalle, the point where the Illinois and Michigan canal enters, 100 
miles southwest from Chicago. The distance thus comprised is 230 
miles. The improvement is effected by the construction of locks 
and dams, thus forming a slack water navigation. The locks are 350 
feet long between the gates, and 75 feet in width, and the dams are 
raised bo as to make a uniform depth of 7 feet of water for the entire 
distance at all seasons. Formerly, during low water, there was less than 
three feet of water on many of the bars in the river, and on one only 16 
inches. 

For the entire improvement, from Las&We \;o xJaa TciWi'Ca. ^*l ^^ 
JUiBOiB river, Eve locks and dams are i^xxvred., ^*^ \A\ai ^^%X ^^> 
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wliicli U estim&ted at $2,200,000, being lets thaa $10,000 per mile for 
the 230 miles comprised in tke work; and this certain]; appean » 
moderate enienditure for the facilities of tranaportation thiu to 
be secured. One lock and dam was finished aome time since, at a cost 
of $400,000. This is the work illustrated in our engravings, its location 
being at the town of Henry, 28 miles below Lasalle and 32 above 
Peona, tiie second lar^st citj in the State. The lock if on the north 
side of the center of the river. The dam connects with an outside 
protectioa wall, about 100 feet above tke upper gates, and a short 
distance above the bridge erected not long since at this point; and 
joins the south bank midway between the bridge and the mouth of 
Sandy Creek. 

The two smaller engravings of the three which we here present, give 
front and sectional views of the dam, the top of one of which may also 
be seen at the right of the lai^er cut The dam is built of timber cribs 
filled with loose stones. It is 35 feet wide, 11 feet iiigh, and 640 feet 
long, and is raised 6 feet above low-water mark. On the upper side of 
the crib-work sheet-piling is driven into the bed of the river to a, depth 
of about 5 feet, aud on the lower side piles 12 inches square are driven 
close together, 10 feet into the bottom of the river. Twenty feet of the 
vridth of the dam has a coping of timber, sloping up stream, 8 inches 
thick at one end and 4 at the other. There are two drops of 3 feet 
each on the lower aide, with solid timber aprons twelve inches thick, 
and 7i and 8i feet width on which the water falb. Below the lower 
apron and the square piles, stone and brush are extended 20 feet on 
the river bed, and above the dam for 60 teet it is filled in with brush 
and gravel, tapering over on to the upper slope of the Umber coping. 
The dam is securely bolted at every crossing of timber, and there were 
ased in its constractioa more than 20,000 lbs. of wronght-iroD bolts, 
generally | inches square and 14 to 22 inches long. 




In our illnstrations. Pig. 2 gives a sectional view of the dam, showing 
distinctly all the parts as above described. In Fig. 3 is t^ien. a, fi!a^\. 
view of the dam aucfa ac would b« obt^ned bj »teix^a% -mA^a.-^ \a "Cia 
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Stream below the dam and lookin<; up stream. Bjr comparison of iht 
two i'gires, the different p:irts will be readily identified. 

The lock is built entirely in the bed of the river. In commencing 
the work an area of a little over seven acres was inclosed by a coffer^m 
substantially built of piles with cap timbers, and of sheet piling driven 
outside from 6 to 10 feet into the bed of the river, and protected with 
gravel on the outside of the piling from the bottom of the river, with 
a suitable outside slope. The water, which averaged only four feet in 
depth over the whole area at low water, was removed by a rotary clam- 
shell pump, with an iron delivery pipe 9 inches in diameter, and driven 
by a 15 horse-power steam-engine. The area of pit to be exca\'ated 
for the foundation of the lock was 485 by 115 feet, and averaged 6 feet 
deep, requiring the removal of 13,000 cubic yards of earth. After the 
excavation was made, H,200 bearing piles of hard wood, from 12 to 25 
feet long and 12 inches in diameter at the large end, were driven over 
the bottom. On these piles eleven rows of square timbers, 12 by II 
inches, were placed longitudinally, each row extending 477 feet, aal " 
secured to the piles with bolts 22 inches long and | inches squait/ 
On these timbers cross timbers 12 inches square were placed 6 indiM 
apart, covering two-thirds of the whole area, and bolted to the piles Mil 
the longitudinal timbers at every crossing with bolts f inches sqnani' 
All the spaces from the top of the cross timbers to 3 inches below tha 
bottom of the longitudinal timbers — a depth of 27 inches — ^were filled 
with concrete. The whole of this foundation was covered with 2 J inek 
planking secured to the timbers. 

On this substantial foundation the side walls of the lock were com- 
menced, extending 47() feet on each side, with a mitre sill wall under 
the upper gates, and a breast wall at the head uniting with both side 
walls, which are 73 feet apart at foundations through the lock chamber. 
For 176 feet from the head of the lock the walls are 30 feet high, and 
for the remaining 300 feet 24 feet high; the upper end of the lock 
being 6 feet higher than the lower end, on account of the extreme 
depth of the water in time of floods. The main walls of the lock, 
where the height is 30 feet, are 11} feet thick, while those 24 feet high 
are Ki feet thick at the foundation. The breast wall is from 7 to 8 
feet thick and 7 feet, 8 inches hifjh. The mitre sill wall is of the same 
height, and from 10 to 15 feet thick; and in this wall are eight arched 
culverts 5 J feet wide and 3} feet high, through which water is admitted 
into the lock. Below the lower gates the main walls extend 20 feet, 
with wing walls 40 feet long on both sides, flaring 10 feet each at the 
lower end. The water is discharged from the lock through semi-circular 
arched culverts 5 feet wide, with abutments 6 feet high, and connected 
at the top with an arch of 2i feet radius. The masonry is composed 
of magnesium limestone and is very substantially put up, laid in the 
6cst quality of hydraulic cement mortar; and amounts in all to 10,328 
cubic vards. The entrance to the lock is formed by heavy rubble walls 
extending up from the head of the lock on each side. On the north 
or shore side it turns with a curve towards the shore, and joins a slope 
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Wall protection to & guard bank, wliich extends 350 feet to connect the 
lock bank with the shore. On the south, or river aide, this wall eztendB 
100 feet, flariog oat from the line of lock walla; then, forming a circular 



below the end of the lock, where it forms a pier-head similar to the o 



at the upper end, 

entire length of this wall is 

abntment to the dam and thi 



to join the wing wall of the lock. The 
900 feet on the river aide, forming the 
protection to the lock. It is from 
_. .. 29 feet high, 7 to 8 feet thick at bottom, and 3 feet thick on the 
top, with a Btone (toping 9 inches thick. At the foot of the lock, on the 
shore side, is a similar wall extending down 50 feeC and then cnrring 
tAW&rds the shore. This wall is but 15 feet hijftu The rubble walla 
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are all on a fonndation of piles, timber and planking, there being R60 
piles, from 12 to 19 feet long. There are 5,5G0 cubic yards of rubble 
wait, of which 5,300 cubic yards are laid in hjrdraulic cement, and 250 
cubic jards are laid dry. 

The filling between the ouiermost or river wall and the wall of the 
lock with ita wing extension, is not shown in our engraving, the Hpsee 
being represented as if hollow, thus showing the in'erior or bank eide 
of the wall, as it appeared before the filling was put in. 

The lock galea are of massive proportions, 24 feet high and 43 feet 
wide, each gate containing over 20,000 feet, board measure, of the best 
white oak timber, nnd 27,000 lbs. of wrought and cast iron i including 
the anchor irons by which the gate is secured lo the lock wallal weigh- 
ing over GO tons, and costing, with the hanging fixtures, $4,000 each. 
The mechanism for operating the galea and lor admitting and dis- 
chaj^ing the water is till of the strongest and most complete description, 
and the balance of the gntes is bo perfect that, ponderous as they are, 
two men can open or close them in four minutes with ease. The lock 
can be lilled or dischar;!cd in three minutes, moving at its maximum 
lift 172,000 cubic feet of water. A single boat can be IdckeivWoM.'iii. 
in about fifteen minutely a fleet requirinjc mora \\diS, b» ^«\>c»UtW-^« 
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to be got into position in the lock. The capacity of the look ii eqml 
to 12 canal boats at one time, of the size of those on Uie Elrie or the 
Illinois and Michigan Canal. 

This extensive work was completed January 11, 1872. It wasprafe- 
cuted under the official charge of Messrs. Joseph Utley, Virgil mdcu 
and Robert Milne, canal commissioners, the designing and congtnictioii 
being the work of Daniel C. Jenne, chief engineer, assisted by Qeo. A. 
Eeefer, John S. Butler and Charles C. Upham ; and the details wen 
faithfulljr carried out by the contractor, William Johnson. Thft lloiia 
was obtained from the Semont and Joliet magnesium limestone fsv- 
ries, the oak and pine timber from Michigan, and the other timber Slid 
piles from the immediate vicinity of the work. 

By the building; of this lock and dam, 60 miles of good navigsdoB ii 
added to the Illinois and Michigan Canal. It is intended WBataaJ^f 
to extend this work to Chicago, by improving the river in a sivUir 
manner 60 miles to Joliet, and enlarging the Illinois and IHAij iF* 
Canal to the Chicago river for 36 miles. It is estimated (Fsfamsii; 
1873) that this will cost over $16,000,000, but the monev will bMVSU 
invested in an enterprise so vastly beneficial to the people of tlMfWHk 
and southwest, giving to them, as it will, direct communicatiottftiMi 
Chicago by large steamers to New Orleans and to all points 09 Ae 
Mississippi river and its chief tributaries. A total of 1^0 m3i|iof 
navigation will thus be secured, and a cheap channel of conuMNS 
opened for an almost boundless agricultural region, which needs ftjtili 
complete development only the means of transporting its prodn^sft 
small cost to the distant points where a remunerative manEefe SMVsiti 
them. 
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CRIB DAM WITH PLANK COVERING. 

Crib-work, when properlv constructed, with suitable filling and 
fastening of the timbers where they cross, is as reliable an arranj 
for a dam as any that can be mentioned. It of course requires 
of a considerable amount of timber, there being, from the natore 
structure, no chance to economize in this respect; but as crib-wo 
be put up in a thorough manner with the employment of but veiy 
skilled labor, the saving in this point is often much greater thi| 
reduction in cost of material would be by adopting any other, 
Moreover, even in a country not heavily timbered, there is api 
in the vicinitjr of a water-course a sufficient amount of such tim*^ 
will answer lor crib-work, with a little management; and the \ 
need not therefore, in most cases, resort to an unsatisfactory 8t|yl^$if 
eonstruction, or pay high wages to expert ^tofes&vonal workmen^ ntnMI 
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an unuRunl Fcarcitv of timber prcvenU him from adopdi 
metliud aa is dvacribcd in the prfseut chapter. 

The plan of dam here illustrated is suited to compvatiT 
itreamH. nut exceeding 100 feet in width, and where noto^ 
head of water is to be aflurded. The material used is timber 
loose rock, with an admixture of fine or coarse gravel ore 
and dirt The crib is a continuous one, from bank to bank, i 
crossing the tstronm being spliced together where required, i 
of 8 or 10 feet timbers are placed crosswise of the dam, in th 
of the stream, their purpose iiein^ to bind the frame togetl 
are firmly secured to the longitudinal timbers with either pin 
They diminish in length from the base to the top of the c 
up-stream and down-stream sides of the dam have each a i 
brings them nearly together at the top. The filling may 
and clay, though gravel is preferable to clay under ai 
circumstances. In this case, as the dam is intended to \ 
water-ti^ht as mav be, the clay will sen-e verr well to give 
solidity to the crib-work. For the purpose of excluding the 
dam is covered tightly with plank on ooth sides and on tl 
*! an apron of planks, supported on logs, is also placed in 

4 dam down stream. 

' For abutments, square cribs are built, of the same genen 

I. the dam, but of somewhat greater width and height TThe c 

^ be filled with stone anl gravel, and thus made as heavy and 

as possible. It is an excellent plan, also, to give the di 

up-stream, as shown in several preceding chapters, its Btr« 

thus considerably increased. 

The dam in our engraving is supposed to rest on a hard b 

should the bed of the river be sotl, it would only be necec 

;, down in the first place a foundation of logs, laid close toget 

;' wise of the stream, and projecting beyond the base c 

down-stream. 

Should leaks occur in the plank covering of the dam, 
made tight by stirring saw-dust or fine tanbark into the wate 
dam. A small leak at the bottom may be stopped by croi 
or fine brush into the hole and covering it with earth. 
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fonndfttion, the peak or rid|^ extending level from bank to 
>88 the creek. Or the half of the roof down the creek may be 
[ind let the sorplos water drop perpendicular on an apron. (I 
I roof as an illustration as being so easily understood, the 
eing in place of the rafters, and vie planking in place of the 
ding.) The beiu^rs should be supported by plates running 
3 stream, except at the foot, where they should be beveled ana 
le bed of the creek. The plates may rest on stone walls, log 
posts standing on mud-sills that have been well bedded and in 
don of the stream. The strength of timber and distance apart 
n proportion to the height of the dam. There are dams near 
apid streams, the foundations of which have been in for over 
Ired years. WM. C. CRAWFORD. 

ID, Pike Comrrr, Pewitstlvakia. 

nk a sloping face on the downstream side of the dam, with an 
carry the water fairly away, is preferable to allowing the water 
erpendicularly on the apron. It is at the foot of the dam, iA 
at undermining, wearing and washing out very frequently 
r eddies and reacting currents of water. If the water comes 

a sloping direction to the apron, as in the dam which we 
, or as in the "roof" construction suggested bv our corre- 
, the danger referred to is almost entirely removed. 



CHAPTER XX I r. 



PLANK DAM AT GILBOA, OHIO. 

dam which we illustrate in this chapter, a combination is 
1 of the plank construction with stone and dirt-, or gravel, for 
JOT filling, the latter giving the dam its requisite weight and 

A near approach to the construction here- shown was that of 
described in chapter X, in which two tiers of plank are erected; 
lanner of laying them is materially different from that here 
«d, as in this instance the wide base and narrow top, or the 
construction, so to speak, add very greatly to the firmness of 
ture, rendering it hardly i)ossible for any direct pressure to 
rom its foundation. 

igraving does not represent a merely theoretical styl^ of 
ion, but is a view of a dam built for supplvi^ the power to a 
leel running the grist and saw mill of A. D. McClure, Esq., 
n Blanchard River, in the town of Gilboa, Putnam Co., Ohio, 
un at this point is 250 feet wide and has a rock bottom. The 
colar height of the dam is six feet It is shown in the cut as 
OSS in the direction of the stream, showiiv^ lVi<^ ^tA^^^ ^%j^ 
aak, the cross-ties connecting them., and. \k*^ ^^n^X^Ns^^^"^ 
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the tiers. The planks used in the construction are 10 inohea vide, Si 
inches thick, and of any convenient length; care being taken in lijjiBg 
them up to break joints. The cross-ties extending from one tier to Ae 
other are planks of the same thickness as those in the two iraU% bit 
may vary in width, while their length is of course detennined hj tke 
distance between the tiers. They are put in at every 8 or lO'fiwt^ or 
thereabout, of the length of the dam, their ends coming out between At 
ends of two planks which meet in the tier, and flush with the outer ftee 
of the dam. Their thickness being the same as that of the othv 
planks, a close joint is thus made and the dam remains tight. 

The planks in each tier arc so laid as to fall back two inohee at ttA 
successive course or layer, a continuous slope thus being idiren to tin 
face of the dam, at an angle of about forty^nve degrees. ahiaiUliii| 
back does not begin, however, on the up-stream siae, nntil aboiithu 
the height of the dam has been reached, the first liiTee feet of thii 
tier being perpendicular. The slope then commences and continnei it 
the same angle as the down-stream face, each laver of planks fidliH 
back two inches, until the crest is reached, where the top lajen'ofeiiia 
tier are placed side by side, as shown in the cut It may be wall to 
surmount these with a single plank as a cap or cover, so that there will 
be no open joint along the crest of the dam. Built in this manaeTitbe 
entire width of the base of the dam, from out to out, will be aboat tei 
feet, of which six feet or more will be on the down-stream aide of i 
point directly under the crest of the dam, the continaons slope being on 
that side. 

For fastening the planks either pins or spikes may be used, bat pins 
are preferable, as, being of wood, they admit of planks being leadilly 
sawed out when repairs are required. The planks in the down-atzesn 
tier are of oak, while in the up-stream tier sycamore and elm are used 
below water, and oak a])ove. Sheeting, or even round poles^ nunrbe 
put on the top of the dam on the up-stream side, if desired, to gnaid it 
from ice and driflwood. The whole upper side of the dam, indeed, nu^ 
be covered with cement to make it perfectly tight Still ^t^otHinf 
additional means of protecting the up-stream tier oi the dam is tobniU. 
a wall directly against and of the same height as the perpendiookr 
portion of that tier, which in the dam under consideration is the fink 
three feet of the tier. This may be done if stone is abundant and easiir 
obtained in the locality where the dam is built, but the necessifj £>r n 
is not sufficiently urgeat to warrant any heavy outlay, such as would Iw 
required if the stone were to be brought a consideraole .distance. 

The dam built bv Mr. McClure is abutted at one end against the stone 
wall of the mill; the other end extending into a square crib aboat ten 
feet high and built of the same material — 2 or 2i inch planka— and in 
the same manner in all essential respects as the dam itself. It isabovt 
twelve feet square, and filled with stone. The crib in our engraving 
is shown as projecting considerably beyond the base of the dam, as ws 
regard it very desirable that a crib should extend two or three feet 
beyond the dam on both the up-stream and down-stream sides. Ifthe 
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dam, therefore, has a width often feet at the base, as in the cafu) hen 
described, we would give the crib a width of at least fourteen feet, thu 
allowing a projection of two feet be^'ond the dam in both directions. 

Care should be taken to make the dam as tight as possible on botk 
sides, avoiding any cracks or gaping joints in the tiers of plank or tX 
the iK)ints where the ends of the cross-ties occur. The filling between 
the tiers, in Mr. McClure's dam, is stone and dirt Gravel, either fine 
or coarse, mav be used instead ; or stones of irregular size, from bonlden 
down to small cobble-stones, mixed with loam and a moderate amount 
of clay — the more stone and the less clay, the better. We have shown 
in our engraving a filling of stones, earth and brash against the 
up-stream side oi the dam. If sheeting, cement, or a breast work of 
stone is put on this side of the dam as above suggested, Uie filling will 
not require to be so heavy or so carefully put in as would be necessaxy 
if the aam were in no other wav protected. 

The construction thus fully described is intended for streams having 
a rock bottom. If the bottom is sofl, a foundation must first be lidc[ 
for which purpose logs placed close together, side by side, lengthwise 
of the stream, constitute the most reliable material. They should be 
long enough to project beyond the base of the dam both up and down 
the stream, but especially down-stream, in which direction they should 
extend far enough to form an apron to the dam; and this apron miy 
be covered with plank so as to render it still more secure against the 
undermining action of the water. It will be observed, however, that 
the continuous slope of the down-stream face of the dam has a very 
advantageous effect in preventing the reacting, eddying and undermin- 
ing tendency of the water, thus making it much less destructive to liie 
apron and foundation of the dam. The filling or other protection for 
the up-stream side and upper slope of the dam would be substantially 
the same for this as for the dam on rock bottom. 



CHAPTER XXV. 



FRAME DAM AT CLIFTON, OHIO. 

We illustrate in this chapter a dam which has been for some time in 
use, located on the Little Miami River, near the village of CUfloii, in 
Greene county, Ohio. The course of the Little Miami in the region of 
Clifton, as many tourists from distant States are well aware, is 
remarkable for the picturesque scenery which it presents. The 
towering cliffs, deep gorges and shadowy ravines which liave made this- 
locality a favorite resort of pleasure-seekers for many years, fall short 
of actual grandeur and sublimity only when compared with the bolder 
natural features of the Eastern or far Western portions of the continent 
In the absence of mountain ranges, which are necessary to tue display 
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of sncli heislits and depths as are sufficient to strike a traveled observer 
with awe, tms charming spot is as well entitled to be called a Switzerland 
in miniature as any thing which Ohio or the prairie States can boast 

At the point where the dam here illustrated is built, the stream has a 
much wider bed than immediately above or below, so that the length of 
the dam is about 100 feet. The bottom is solid rock, and the cliffs on 
either side rise to a height of 70 or 80 feet. A rock against which the 
dam abuts on the right bank is itself nearly 40 feet high. 

The foundation of the dam consists of six sills, 10 by 14 inches, 
crossing the stream, and placed from 6 to 8 feet apart, being somewhat 
nearer together under the apron than beneath the main structure of the 
dam. The ends of the sills are mortised into the rock at each bank, 
the sill farthest up-stream being also imbedded in the rock for its entire 
leneth. Across these sills are laid timbers 10 by 14 inches and about 
40 feet Ions, the distance between centers being about 6 feet They 
are secured to the lower or foundation sills hy H inch barbed iron 
bolts, 2 feet long. Both these courses or layers of logs are squared on 
the top and bottom. The two center sills running lengthwise of the 
stream, and situated at the angle of the dam, are bolted together. 

The breast of the dam is raised at the fourth foundation sill, counting 
from the up-stream side. The upright posts constituting the front of 
the dam are 12 inches square, about 15 feet long, and have an inclina- 
tion from perpendicular of nearly 3 feet up-stream. The posts at the 
center or angle of the dam, like the two upper sills at that point, are 
set close together and bolted to each other. The whole number of posts 
is the same as the number of upper sills, and they are placed the same 
distance apart, each post resting on a sill, into which its lower end is 
mortised. Upon the top of the posts, crossing the stream, is a cap timber 
12 by 14 inches. This cap timber is in four pieces, each 25 feet long, 
spliced where they connect, and mortised into the rock at each bank. 
The upper ends of the upright i)osts are mortised into the cap timber. 

The raflers composing the up-stream slope of the dam are 10 inches 
square and some 25 feet long, and equal in number to the posts — each 
rafter, with its corresponding post and the interior braces, constituting 
a "bent" The raflers are mortised into the cap-timber, and between 
them are short cross-timbers or ties, 10 inches square, mortised into the 
sides of the raflers, and flush with their upper surface. The same 
description of ties are placed between the upright posts. The purpose 
of these ties is to give firmness to the frame, and prevent any tendency 
of the bents to sway or spread to or from each other. There are three 
of these ties between each pair of rafters and two between posts, so 
that each bent is connected with the next bv five ties, ihe distance 
between the ties being from 6 to 8 feet The foot of each rafter rests 
upon one of the upper sills, and a bolt is driven through the rafter and 
npjper sill to the foundation sill of the dam. 

This slope of the dam is covered with two coats or courses of 2-inch 
oak planks, jointed in the usual manner, the first course bein^ laid 
crosswise of the stream, and the second or top co\mQ\!^^\^'^t\&^^\si>^ 
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Banie directioii U the r&flera. The planka are lecitTed bj apiku, and 
.the lop conne footed &t ths lower ends of tbe planki nEainEta nil 
raniting acroa tlis Btream tbe whole length of the dam. 

In the iaterior of the bents are bnces 10 inches sqaare, mortised into 




aillg and rafters, in the manner and position indicated i 



Figure 2 of our engravings. 

The apron ie constructed b; placinc t: 
the longitudinal or upper sills of the datr 



; transverse or cross aills upon 
[am, these croea silla being three 
tnd about G feet apart. Upon these sills are laid timbers of 
toe BADie size, lengthwise of the stream, hewed on two sides and laid 
close together. Theae loga, forming the apron, are IT feet long. At 
their upper ends, where thej meet the breast of the dam, a cross-timber 
■a laid on, mnning the whole length of the dam, and beveled on i(a 
front BO aa to leave ita top only 2 inches wide. The cap-timber at the 
top of the posts alsoprojectd 2 inches, and the 2-incb planks constituUng 
the face of the dam, which are spiked in an upright position npon the 

Ksta and cross-tiea, make with the 2-inch projections at their top and 
ttom, against which they rest, a continuons smooth face to tbe dam, 
giving the water an unbroken and even fall. 

All the ailla, rafters and ties composing the frame work of the dam 
are of white oak, secured by iron bolts. 

The interior of the crib-work compo^ng the apron is filled compactly 
with atone. The interior of the dam is also Slled with stone, about 
half-way to the top; and against the up-stream slope of the dam is a 
lilting of gravel and clay, extending from some fifteen feet above the 
dam to a point half-way up tbe slope, thus covering the entire lower 
part of the planking. 

The gionnd plan of the dam is auch that it makes an aDSle with the 
apex np-atream, instead of the arch or curve often uBed. '^e n.'a^'b'-vt, 
but a moderate one, tbecenter of thfldambeiiiitW^«bQn.^.\^««X^^'^^^^'» 
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up-stream than the ends, while the entire length, as already stated, il 
about 100 feet. As will be seen by the dimensions already given, the 
base of the dam, inclusive of the apron, has a total length of about 40 
feet 

Near the center of the dam is a waste-way regulated by a sliding gate 
on the upper side of the dam. The door of the waste-way is indicated 
in the cut near the base of the dam, close to the center posts. 

The height of the dam from the apron up to the crest is about 14 
feet, the 15 ft. posts having a slight inclination, as already stated. The 
height from the rock bottom to the top of the dam is 17 feet or 
thereabouts, the top of the apron being 3 feet or more aboye the rock. 

The water enters the foreba;^ behind the large rock on the ri^^ht bank 
of the stream, and only a portion of the forebay, consequently, is shown 
in our engraving. The race passes through an opening in the rocks, 
and the framework of the head-gates is mortised at both ends into the 
solid rock. 

This dam was built some years since br Messrs. Kin^ & Hagar, at 
that time proprietors of the Gliilon Paper Mills, now earned on by CoL 
David King. A general view of the dam is given in onr principal 
curving, and in Figure 2 is represented a cross-section, showing uie 
upright post, rafter and braces constituting a bent, the two courses of 
plank on the up-stream slope, the end of the timber against which the 
upper course is footed, the upright planking on the face of the dam, the 
ends of the cap-timber above and the beveled timber below, and idso 
the ends or sides of the various sills composing the foundation and 
the crib-work of the apron. 

As the region in which this dam is situated is visited every year by 
large numbers of tourists, many of our readers may already have 
examined the structure above described, or may have opportunities of 
doing so in future. At a favorable season of the year, a more attractive 
spot can hardly be found, though there are many of wider reputation 
and more favored by the patronage of the wealthy and fashionable. 



CHAPTER XXVI. 



TIMBER DAM AT NEW HARTFORD, CONNECTICUT. 

The durability of the dam which we illustrate in this chanter hsi 
been proved by a period of service dating back failher than uie birth 
of manv of our readers. It was built in 1847, and has therefore stood 
some thirty-four years, requiring in all that time but little repair or 
alteration. It extends across the Farmington River at New Hartford, 
Conn., and, as will be seen by our engraving, is built of timber, no 
other material being used except that required for filling or staying the 
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Btractore, and for the abutments as will be hereafter described. The 
timbers used are from 9 to 12 inches in thickness, the first or foundation 
tier being laid crosswise, the second tier lengthwise of the stream; and 
this arrangement is continued throughout, the alternate lasers crossing 
each other until the work is brought to the desired height When 
complete, it has the form of a pyramid, the sides presenting an angle of 
27 degrees with the horizontal hue or bed of the stream. This angle of 
the sides gives the base such ample width in proportion to the height 
that, taking this in connection with the pyramidal form, the dam has a 
degree of solidity and strength in its very shape which ensures its 
durability. 

The timbers are fastened, at each point where ihej cross, with a spike 
of {-inch round iron, 20 inches long. The water side is covered with 
planking of 3-inch oak and chestnut, jointed, and put on with 7-inch 
cut spikes. The timbers running lengthwise of the stream are placed 
6 feet from center to center, the ends coming out flush with the fiMe 
and back of the dam. The timbers running crosswise of the stream are 
so placed as to give from two to three feet in the clear; and all the 
spaces are fillea with stones, from the foundation up to the cap-log. 

On the lower or down-stream side of the apron, piles are dnven and 
securely fastened to the lower mud sill, on which the apron partiaUj 
rests. The apron is composed of timbers 12 inches thick, plac^ 
close together. In order to attach the apron firmly to the main 
structure of the dam, the following plan is adopted: once in every six 
feet of the apron a timber longer than the others is put in, extending 
up-stream under the dam a distance of 25 or 30 feet, while the other 
apron-timbers run only 2 or 3 feet under the first timber of the dam 
proper. By this means, without putting more timber into the apron 
than is absolutely required, it is nevertheless held so firmly to the 
main structure of the dam that no dancer of separation exists. 

The entire length of the " roUway ''^ is 232 feet. The height of the 
dam, from the bottom of the mud-sills to the top of the cap^og, is 21 
feet. The width at the bottom, from the foot of the dam to the 
up-stream side, is 68 feet ; and the apron projects 14 feet beyond the 
foot of the dam. 

The river bottom at this point consists of cobble-stones, gravel and 
quicksand. The banks are gravel and sand. The gravel is of the kind 
known as *' washed," it being devoid of all the fine admixture which 
renders a bank tight against water. On the upper side of the dam is a 
filling of gravel to within 4 or 5 feet of the cap-log. It is not uncommon 
for the stream to rise to such a height as to give six feet of water on 
the cap-log; and a depth of even 10 feet at that point has been known, 
but is of rare occurrence. The capacity of the river at this place is 
stated at 14,525,000 cubic feet of water every 24 hours during an 
ordinary drought. 

Our present illustration gives a perspective view of the exterior of 
the dam, showing also one of the abutments, which are of solid masoniy, 
and pyramid-shaped, like the 4am itself, In our next chapter we Bhalt 
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give a sectional view, showing more clearly the interior structure of 
ike dam, with some additional particulars required to complete the 
description. 



CHAPTER XXriI. 



TIMBER DKK.— Continued, 

In our last chapter we gave a perspective view and general description 
of the dam of the Greenwoods Company at New Hartford, Conn., 
comprising the dimensions of the dam, the material used, size of 
timbers, and the manner in which they are put together and secured. 
We now present a sectional view of the same dam, from which the 
arrangement of the timbers will be still more clearly perceived. In 
this engraving, also, a full view is given of several portions not shown 
in the perspective cut, such as the apron in front, composed of twelve- 
inch timbers placed close together; the piles driven on the down-stream 
side of the apron, and fastened to the lower mud-sill, extending into 
the bed of the stream to a depth of 15 feet; and the form of the abut- 
ment, the face or front portion of which also rests upon piles. Our 
present engraving shows but a small part of the dam, the entire length 
of which, as already stated, is 232 feet. In the view it is representea as 
if cut transversely, in the direction of the stream, showing the internal 
framework, but not the filling of stones in the interior, or that of gravel 
in the upper side of the dam. 

The strength and stability aflforded by the pyramidal shape of the 

dam will be readily seen in this illustration, the only real source of 

danger being from the washing out of the gravel, especially on the 

lower side oi the dam, which is liable to occur at a time of very high 

water. This difficulty did in fact present itself in the case of the dam 

here described, during a very heavy flood some years ago. The water 

acted with such effect at the lower side of the apron that a considerable 

quantity of gravel was washed away; to remedy which the proprietors 

built cribs of poles and logs, and filled them with large rocks, weighing 

two to three tons. These cribs were then sunk to the bottom, and the 

whole chained to the piles at the foot of the apron; since which time 

no trouble from washing out has been experienced. 

At a later period some repairs of the dam were found necessary, and 

nine or ten feet of the top was taken off, the timbers having become 

rotten. The cause of the rotting was ascertained to be that the dam, 

when originally built, was planked tight on the lower side as well as 

on the water side, leaving no avenue of escape for the hot steam which 

gathered inside the dam in hot weather. The face of the dam being 

to the south, the heat of the sun had a powerful e^eet \\i ^'&\5l^t^>Cvcv^ 

tills steam in the interior, with the injurious ieau\\a \.q xJti^ Xvcc^^y^ 
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e indicated. All the planking on the lower side was therefore 
>ved, leaving this side in the condition shown in our engraving in 
last chapter. 

is proposed (1873) to raise the dam six feet, making with the 
ent height of 21 feet a total height from bottom of mud-sill to top 
ap-log, of 27 feet It has already been mentioned that the stream 
nentlj rises to such an extent as to give six feet of water, and in 
) instances even ten feet, on the cap-log of the dam as it now stands. 
) increase of height will therefore afford the means of a correspond- 
addition to the amount of power held in store, the present structure 
ng hardly in due proportion to the capacity of the stream. Our 
paving shows the wall as already raised. The dam or "roUway" 
1 be raised by placing at eveiy 6 feet of the length of the dam a 
me or trestle resting, as it were, astride of the crest of the dam and 
7 firmly secured on both the upper and lower slopes of the present 
icture. The water side of this additional framework will be covered 
litly with 3-inch jointed plank. Upon the lower side will be placed 
ich planks, 2 inches apart, the object of this arrangement being to 
itilate the interior and give free escape to the hot steam generated as 
jady described. 



CHAPTER XXriII. 



LOG DAM FOR NARROW STREAMS. 

he description and illustration which we present in this chapter 
e elicited oy an inquiiy on the subject of Mill Dams published in 
Pel's Mechanical News for February, 1873. In order to present more 
\x\j the suggestions embodied in the ensuing article, we first re- 
it in full from the Mechanical News the inquiry alluded to (and also 
comments editorially made upon it), as follows: 
Messrs. James Leffel & Co.: — I desire to build a mill-dam across 
allow about 60 feet wide. Will have a slate rock foundation all the 
^ across, and the hight of dam will be 15 feet I have two plans for 
Iding the dam. The first is to dovetail posts in the rock about four 
; apart, straight across the hollow, and nail two-inch planks to the 
ts, setting the posts 12 inches in the rock, and having them 15 feet 
b. 

My second plan (I think the best) is the following : Get me a sill 
14 and lay on the rock across the hollow, and then put iron stirrups 
OSS the sill about 5 feet apart, placing the ends of the strrrups about 
feet deep in the rock and running Babbitt metal in the holes around 
stirrups. Then place my posts about 4 feet apart, letting them about 
»ot deep into the sills, and having a brace mnmn^ ixoiA. \;cy^ q^ V^%\. 
m Btream, lower end on a sill. Stone ia too actttce \a WiVa ^ ^V^^x^ 
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dam. The stream of water is onlj from a large spring (no eraek) onh 
100 yards from the dam. The water, when running on mill, u aboiUo 
inches deep in a fore-bay 3 feet wide, affording enough water to nut a 
set of 30-inch wool cards and a grist-mill, rocks 30 inches in divmetaL 
"The fact is this : we want to build a good dam, without ft great ex* 

Sense. I would say that the hollow is wider between the spring and 
am than it is at the point we wish to put the dam. 
"I desire you to answer this in the next number of the Newa. Tell 
US which is the best plan, and if you can let us have a better plan, |dflMe 
give it in your paper. You may put me down as a permanent inlh 
scriber. Enclosed find money. Trusting you will com^y with inj n- 
quest, I am fraternally yours, W. HTw. 

'Flyxtville, Tenn." 

"[We do not agree with our correspondent in thinking his second 
plan the best, but should give the preference to his first, provided ce^ 
tain important amendments are made to it. The posts should be let 
into the rock a depth of at least two and one-half feet, and three would 
be still better; and they should have one or if possible two series of 
braces if the dam is to be 15 feet high. The general plan of the dan, 
as we would build it, is similar to that described in our issue for Ko- 
vember, 1871, except that the posts in this case should be nearer to- 
gether than in the dam illustrated. The reason for this is, firs^thattte 
night of the dam is much greater, and second, that slate rock is pecu- 
liarly liable to wear away under the influence of either sun, air, fiostor 
falling water. We shall be glad to hear from other correspondents is 
regard to W. H. W.'s inquiry. — Ed. Leffel News.]" 

In a subsequent issue of the Mechanical News appeared a commeu- 
cation from another correspondent, in Wabash, Ind., over the iniwb 
''R. S.", giving a full description of a dam which he has found fajpni^ 



tical experience specially adapted to narrow streams such 
referred to. He also furnished a pcncii sketch of a dam of this i hsiJi 
ter of which he is a joint proprietor, located on Treaty Greek, WaMk 
Co., Ind.; and from the sketch thus supplied we have produced thM^ 
graving here presented. v' 

Referring to the plans submitted by " W. H. W.," the Wabash-eooi^ 
spondent remarks : "I do not like either of them; and as theeAMlF 
stated that he 'would be glad to hear from other correspondents in: si' 

§ard to these inquiries,' I will, as an old hand at building mills aal 
ams, suggest my plan of building dams across narrow streams, or *htk 
lows 60 feet wide,' as he says his is. The motto of B. Franklin has ever 
been mine, viz: *What is worth doing at all is worth doing irsV 
Even should my plan cost a little more at first than his, it will be "All 
cheapest in the end. v'.^ 

"Here it is. If the banks are stone, and have no natural jut or|M* 
jection sufficient to abut the ends of IJie dam against, and are not tsp 
hard to cut, cut a groove in the stone embankments where the ends id 
the dam are wanted, about 12 inches wide, and a few inches deep, from* 
the bottom up, and as high as the dam is to be built. Take round logi 
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and face two sides straight and nice, large enough to measure a hok 
thick when faced. Cut the logs long enoush for two lengths to makt 
the dam. Square the end that is to go in tne groove at me abutment, 
or shape it to fit Lay the log not at right angles across the rayine, bat 
put the ends which meet in the middle nine or ten feet up stream above 
a straight line, so as to form the dam that much in the shape of a bone 
shoe, or rather in the form of two panels of rail fence with the lock up- 
stream; then halve together the ends which meet, putting the fiices of 
the logs together as the dam is raised so as to hold the filling of gravel 
or dirt Continue to so notch the logs together in the middle until the 
dam is the desired hight filling up at the same time with grarel and 
stone if plenty; if not, dirt will do, provided the logs fit well enough to 
hold it Thus we see, to build a dam in this way supercedes the ne- 
cessity of any posts or braces, for it braces itself. And the harder the 
pressure of water and filling above, the tighter it will press the ends of 
the dam against the abutments, so that it can neither push out, wash 
round the ends, nor wash or undermine if stone bottom, and the bottom 
log well fitted. This plan supercedes, also, the necessity of cuttine any 
post-holes or mortices in the bottom of the stream, or of bolting down 
the bottom log to keep the dam from pushing down streauL 

"If not stone bluffs, then of course, abutments of either good stone 
or timber must be made, projecting into the banks. They should be 
notched up as the dam is raised, and all well filled as it goes up. 

"If the bottom is slate, or any material that will not stand the force 
of water pouring over for many years, it should be leveled a sufficient 
distance up and down the stream, clear across, to receive a log apron. 
Face the logs on three sides, putting the square edge down. Gut them 
16 feet long, and cut a gain on the top of each one 6 feet from the end 
that lies up-stream, 4 or 5 inches deep, to lay the bottom log of the 
dam in, thus letting the apron extend about 10 feet below the cbm. and 
5 above. The apron logs notched in this way and the dam built on 
them, and they fitted up together, will prevent the bottom from wearing 
as long as they last And having them 12 inches thick (which thi^ 
should be for 15 feet fall), they will last, if water is kept over them, 
many years, for they cannot wash out put in in this way, nor raise st 
the lower end in case of a flood of water rising over them below the 
dam. 

** This plan of building dams is not only applicable to W. H. W.'i 
'hollow,' but to all streams that are not too wide for two loss to span 
in a bracing way. And it makes no difference how high Qie dam is 
built, it cannot push out if the logs are stout enough not to bend edge- 
wise and come out like a spring-pole. 

AVe, of the firm of Small & Son, have a log dam 15 feet high, about 
60 feet whole length, built precisely as I have directed, and it nas been 
in use some twenty-seven or twentv-eight years, and not a log amiss 
yet; though the top is getting a little tender, and wants a new top-loo. 
Ours are stone bluffs and solid limestone bottom, all the apron it needs. 
Our filling is mainly shelly limestone with some gravel and dirt; not 
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even slieeted on top, but would be the better of it, for the stone and 
gravel washes off some. 

" I eive a rough sketch of our dam, which is so simple that any ten- 
year-old boy of common mother wit can see into the philosophy of its 
strength and durability. 

" In 1846 I helped put a log dam across the Missisinewa River, nearly 
200 feet long. In 1854, 1 think, I put in, or rather spliced, the same 
kind of a dam on Deer Creek, to run a saw and grist mill. And about 
1858 or '59, 1 put a log dam in to run two 4-feet bui* . ; all in Grant 
connl^, Ind. Not one of these dams has cone out yet, ualess thepr went 
this winter. Though these dams were all straight, the breast is logs, 
and a log laid in the stream a few feet above, with dovetail ties in it and 
the breast logs, as they were notched up, all tied to the single log above, 
filled with stone and travel, then sheeted with 2-inch plank, and grav- 
eled on the upper end of the sheeting; and with good abutments and 
aprons, I consider the log dam the cheapest yet" 



CHAPTER XXIX. 



FRAME DAM ON MAD RIVER. 

We add in this chapter another illustration and description of a dam 
wMch has the advantage, over a merely theoretical plan, of being veri- 
fied by actual construction, so that eveiy detail has been worked out 
and may be relied on as practical, and duly adapted to the circum- 
stances of the case. The dam here represented is built across Mad 
River, in Clark County, Ohio, and is 165 feet long. The stream at this 
point has a mud and clay bottom, upon which is a coating of sand and 
gravel, washed down from above. The foundation of the dam consists 
of sills 30 feet long, hewed flat on the top and bottom to a thickness of 
10 inches, and laid lengthwise of the stream, about 8 feet apart Upon 
the top of these sills, at their up-stream ends, and running across the 
stream, is bolted a timber 8 inches square, 16-inch bolts being used to 
secure it to the sills. The breast of the dam is raised to a hight of 30 
inches above the apron, and is made by first laying a timber, 5x14 inches 
in size, across the stream on the foundation sills. On the top of this 
5xl4-inch sill are eight tiers of joists 3x10 inches, which are laid flat- 
wise upon each other and spiked together with 6-inch iron nails. The 
&ce of the dam, composed of these joists, is battered or inclined up- 
stream 5 inches. At a point 5 feet up-stream from the cross-sill on 
which the joists rest is laid across the stream, and bolted to the founda- 
tion sills, a timber 8 inches square. From this sill to the top of the 
breast-work of joists, or crest of the dam, are laid rafters 6x8 inches, 6 
feet long, and 3 feet apart from center to center. The cut required at 
the upper extremity of each rafter to give it a BftCMT^ VoW \y.'^<^\i "Osi.^ 
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the dam, is made about 3 inches from the end of the rafter, 
irefore projects that distance in front of the tier of joists, and 
eans the rafters are, so to speak, hooked over the crest of the 
le depth of the cut is about half the thickness of the rafter, and 
10 inches, the same as that of the joists. The rafters are 
» the erest of the dam, and also to the sill at their lower ends, 
1 pins li inches in diameter. 

covering of the dam there are laid, crosswise of the stream upon 
B, SHncS planks, which are fastened to the rafters with 6-inch 
rom the foot of the rafters, also, to the up-stream end of the 
n sills^ a covering is laid consisting of planks 2 inches thick, 
Tosswise of the stream and nailed to the foundation sills. 
plank covering of the mud-sills, and extending some distance 
vering of the rafters, is a filling of gravel about 2 feet in depth; 
pace under the rafters, from the mud-sills up to the plank cov- 
ilso filled with sand and gravel. 

ron of the dam is made bv laying three sills across the stream, 

1 the foundation sills, and secured to them with 16-inch bolts. 

se cross-sills and the projecting edge of the 5xl4-inch sill un- 

"east oi the dam, are spiked planks 2i inches thick, 12 feet 

running lengthwise of the stream, as indicated in the engrav- 

the down-stream end of these planks, against the side of the 

and the ends of the foundation or mud-sills, are driven spiles 

!S, reaching to a depth of five feet The same is done at the 

I end of the dam where the extremities of the mud-sills and 

»f the cross-sill at that point rest in like manner against the 

i'he spiles at both the up-stream aud down-stream extremities 

n, are placed close together, forming a continuous sheet across 

a* 

atments of the dam are of solid masonry, laid up with cement, 
1 feet in length of face, 5 J feet in height, and 6 feet thick. In 
)o this are the wings, each 10 feet long, and of the same height 
e wall. The tops of the abutments are at about the same level 
ill banks of the stream. They rest on the foundation sills of 
three of which are under the abutment. The filling of the 
losed by the face and wing walls is entirely of gravel and sand, 
[arvev, of Miami county, is the builder of this dam, which is 
ear Enon, Clark county, Ohio, and is owned by Martin Sny- 
upplies the power to run a flouring mill, propelled by Leffel 
urbine water-wheels. 

ge engraving gives a perspective view of the dam, showing 
ibutments and also a portion of the race, with the head-gates, 
lumber. In the smaller illustration is presented a sectional 
wins a foundation sill lengthwise of the stream ; the end of the 
at the up-stream extremity of the dam, and also of the cross- 
foot of the rafters, the one on which the breast-work rests, and 
sills of the apron ; the ends of the eight tiers or layers of 
1 of the planks covering the rafters and the up-stream portion 
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of tbe mnd-tilla; the tide of one nfter, ahowing the cat al 
the foot-«ill and Bt the other end lor tii« crest of the dun 
covering of the apron, the spilea at the upper and lower t: 
the dam, and the tiaeof thegraTel filling. By the ~ 




n Ais. 



Fio. 2. 
ut the whole conatrDctton oft 



evei7 detail ii shown in 
be accnrawlj understood. 

We may here slate that for tbe parpoge of keeping the m 
terTering with the work upon the dam, a coffer was bniltat t 
6 'eet up-stream from the upper ends of the foundation sills, 
from one hank nearly across the stream, and thusprotectins 
the dam while the building was going on. To protect in £ 
the other half of tbe dam wbile in process of construction, i 
necessary to remove the npper part of the coffer above the fii 
of the dam, letting the water flow over both coffer and dam o 
of the stream ; the material thus taken off being nsed to ezt 
maining part of the coffer to the opposite bank, and a barrier 
bnilt from the coffer to the inner or mid-stream end of die fii 
of the dam, keeping the water from that part of the dam om 
was still in progress. 

[AiWr the foregoing was put 
the work upon this dam, just bj 
terrapted in the following mar__ 
having been finished, ana work oi 

der the protection of a coffer, a ■_ . ..__ _ . . . 

throagh the bank behind and around the finished abutment ' 
the water. A flood occurring, the swollen stream poured ih 
channel and caused great damage to the abutment »qd the 
portion of the dam. We presume that parties on the ipol 

Jualified to judge as to the course proper to he punned; but 
ata we pouess, we are inclined to believe that by first pi 
^^-gate at the race, and allowing the water to paw ove 
M portion of the dam, the disaster might have been avoi 



a type, we received inform 
.t was approaching GompIeti< 
:r. The dam on one side of 
n the remainder being in p 
I, channel was cut from th< 
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DAM AT OSBORN CITY, KANSAS. 

dam herewith illustrated is constructed on the same principle, in 
respects, as several which have already been described ; but the 
ere diown will be found in some localities to possess advantages 
at of edmplicitj and strength which will justify its adoption by 
ll^^wner. It cannot be accurately classified as regards the kind 
letial employed, as stone, logs, sawed timbers, boards, rock, 
^ aand ana hay.are used in its construction, their proportions and 
lement being such as to afford, without very heavy outlay, a 
dioiy degree of firmness and durability. Our engraving gives a 
letive view of the dam built by Messrs. David Milne & Son, at 
1 (H^, Osborn County, Kansas, furnishing power by which their 
lill and grist mill are run. The width of the river at this point 
feet, and its bottom consists of a layer of sand about 3 feet in 
resting on a bed of solid slate and shale. In preparing for the 
>n of ULQ dam, the first step was to scrape the sand away until 
(lid bottom wg^ reached. The mud-sills were then put down, 
ting of logs from 14 to 18 inches in diameter, and from 20 to 28 
)n^, their direction being lengthwise of the stream. Brush was 
ut in to aid in making the sills as firm and solid in their positions 
sible. In scraping away the sand, a hollow of considerable depth 
'course made; and after the sills were put down, the sand washed 
;he mud-sills, which thus becanie imbedded in sand and brush, 
ive thus far shown no indications of giving way. The distance 
jn the sills is about 6 feet from center to center, 
hould be stated, before proceeding further, that the body of the 
3 supported at each end by wing walls, as shown in the cut, these 
being 3 feet in thickness and built solidly along the face of each 
for a considerable distance both above and below the dam. 
jr laying the mud-sills, as described, the next stage of the work is 
ection of the crib, which is composed of sawed timbers, and rests 
the sills, extending from bank to bank, and forming, as will be 
n the engraving, an obtuse angle with the vertex up stream. The 
of this crib is 5 feet and its height 8i feet. The timbers running 
the stream are 6 by 6 inches, while the cross pieces are 4 by 6 
I, placed flatwise, from 5 to 7 feet apart, and spiked to the main 
gitudinal timbers, which are therefore 4 inches apart, one above 
;her. These 4-inch spaces are covered by nailing boards upon 
thus rendering the up-stream and down-stream walls of the crib 
jntly tight for all practical purposes. The 6 by 6 inch timbers 
inned together wifli 2-inch oak pins, 16 inches long. In the 
dug, the dam is shown with a part of the filling on the down- 
i face cut out, giving a view of a portion Q>i t\ie eT^\u\)i^ftVDXfcYv^iirt. 
lain or longitudinal timbers, the enda oi t^e eTO«.aVxTs:^^'»%^»»' 
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one of the foundation sills are thus shown, also the level top of the 
crib, 5 feet wide, forming the crest of the dam. The ends of the found- 
ation sills are likewise seen, projecting down stream from under the 
filling. Each end of the crib, at the point where it joins the wing 
wall, 18 let into the wall for a depth of 3 or 4 inches, giving it a firm 
and solid bearing, and rendering it, in connection with the an^lar 
direction of the two halves of the dam, abundantly strong in its position, 
so far as re^Eurds any direct pressure from the water above. 

The filling of the inside of the crib consists of broken rock, gravel 
and hay, arranged in the following manner: a layer of rock, finely 
broken, is first put down, having a depth of 10 inches ; a coat of gravel 
is then put on, leveling up the surface of the rock ; then follows a 
larer of hay, then another layer of rock, and so on with alternate coats 
01 rock, ffravel and hay up to the top of the crib. The rock used is a 
kind of Sint found in the vicinity, and verj- hea\y. Above the crib is 
a filling of broken rock, gravel, hay and sand. The width of this fill 
at the base is 12 feet, sloping to the top of the crib. Below the crib, on 
the down-stream face of the dam, is a fill of rock and brush, sloping to 
the top of the crib, and the whole dam has thus the shape of the roof of 
a house. The crib is located at a point on the mud-sills about two- 
thirds of the distance from their down-stream to their up-stream 
extremities, and the front of the crib is just above the projecting corner 
or vertex of the angle formed by each of the wing walls. These dis- 
tances and proportions arc distinctly shown in the engraving. 

We are of opinion that the plan of dam above described, which is 
an excellent one in most respects, would be still further improved by 
bolting the mud-sills in a few places to the rock bottom. If they were 
surrounded and covered by a good depth of mud, this would be less 
important A mixture of sand, in liberal proportions, with the gravel 
in the crib, to pack and tighten the whole mass, would also be useful ; 
although this point is very well provided for by the board covering on 
the side of the crib, especially if a considerable amount of fine sand 
and gravel is thrown against it. As for the use of hay, either in the 
crib or above it, we have small faith in its utilitv, as it will rot out 
after a time and require refilling. There is, in met, nothing better 
than heavy gravel and sand for all kinds of filling about dams, head- 
gates, races, etc. — and nothing poorer than clay. 

Of the light rocks and brush forming the inclined apron below the 
dam, a considerable portion will wash away in case of a flood ; but if 
there are also plenty of heavy boulders, these will maintain their posi- 
tion, and no material damage will be done. 

The builders of the dam described in this chapter, in a letter dated 
April 15, 1874, give the following particulars, indicating the reliable 
character of their plan of construction: "AVe have had some high water 
this spring. It has taken out two dams on the river, but ours is firm 
and all right It is impossible to take it out, and we think it the best 
kind of dam that can be put in a stream that is not very wide. It has 
cost us a good deal, but the first cost is the cheapest in the lou^rujx. 
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Parties potting in dams cannot do too much work on fhem. TluT 
should be completed in the start, and then yon know you are all light 
Mention is made in the same letter of a dam several miles &rdier up 
the stream, built of rock, logs and brush, bnt having no wins walls, or 
any protection for the banks — ^the result beins that in the freuiet above 
referred to, the water cut around the dam and nearly mined the work. 
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STONE AND TIMBER DAM. 

• 

In the present chapter we describe and illustrate a stone and timber 
dam which was erected in 1873 by the owner, Hamilton B. Lawton, at 
East Brunswick, Rensselaer County, New York. Its method and 
material of construction are such as to adapt it to a region where stone 
is abundant, as this, with a moderate amount of timber, is the article 
principally used in its erection. The dam is built on a rock and 

hard-pan" bottom. Its length is 150 feet, and its height 22 feet, 
from the level of the water to the top of the upper plate, xhe base of 
the dam, measured on a horizontal line from the up-stream to the 
down-stream extremity, is 23 feet in extent, being nearly the same as * 
the height; and the up-stream side of the dam, therefore, slopes at an 
angle of 45 degrees. This form of construction gives the necessaxy 
degree of stability, and also affords ample room for filling in between 
the rafters with rocks and small stones, thereby rendering the mud-sill 
and plate very secure in their position. 

Our principal engraving shows the face of the dam and abutments, 
the upper and lower plate and the posts being the only timbers visible. 
In the smaller cut is given a complete representation of the framewoik, 
in which A is the upper plate and E the mud-sill at the up-stream 
extremity of the dam. The rafters B are fastened to the plate and sill 
with Btrongspikes. It will be observed that midway of the rafter B ii 
a timber D, parallel with the plate and mud-sill ; and that to thiB 
middle plate are attached short rafters C, alternating with the main 
rafters and having their lower ends secured to the up-stream mnd-eill 
in like manner with the main rafters. The purpose of these short 
rafters is to give a more firm support to the plank covering of the dam 
at this point, where the pressure of the water is heaviest. 

The main rafters, reaching from the up-stream mud-sill (which is 
bolted to large rocks) to the upper or cap plate of the dam, may con- 
sist of timbers unhewn except on their upper faces, where they shonld 
be made flat to admit of the laying of the planks, and give an even 
surface to the water side. 

The main timbers of which this frame is composed are 12 l^ 14 
inches. The bottom plate or sillF lies upon a series of rocks arranged, 
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M tnilic&ted In oar main illuatration, to as to fona bd apron to Koeive 
the oYerfall of wtttM' and prerent the vaahi^, wearing and nnder- 
mining of thu base of the dam. The pOBta G are framed into the 




npper and lower plates as shown in both the culs, and serve to support 
the upper plate in case the wall should settle in course of time, as it 
is liable to do to a verj stnsll extent 

The ends of the dam, on each eide of the frame-work, are compactly 
built up with rocks and small stones in the rear, and in front square 
rocke are carefully laid up to present a smooth front and a permanent 
wall ; thus allowing the timber work to be taken out and renewed, 
should it be necessary at anj future period. 

The filline in the interior of the frame-work, as alrcBdy mentioned, 
is composedof rocks of irregular size, from heavy boulders down to 
cobble-stones; and the dam is covered with planking in the same 
manner, substantial I j, as described in former chapters relating to 
dams of this general nature. 

The builder of this dam is confident that it will last a lifetime, and 
that vei^ little expense will be required in repairing the wood-work. 
The other portions of the structure should of course demand no outlay 
nhatever aner having been once completed. 

As an appropriate addition to the account above given, we may here 
describe briefly another dam of very similar nature to the one already 
shown, although in (juite another sectioo of the country. The dam to 
which we now refer is built across the DeaPlaineBriver at Joliet, HI. 
It is tixe loweKt dam down the river in the city, there being two State 
dams above it; and is owned by Messrs. Wm. Adam k Co., of the 
" Ci^ Mills." The bottom of the river at this point is limestone. 
The dam has an extent across the stream of 160 feet Its face is com- 
posed of masonry, with the addition of a mudsill and cap^i 11, the whale 
correspondins almost preci»ely with the fu« of &« 4i«,m i£a««&'^ 
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described, except that there are no upright posts connecting the upper 
and lower sills. 

The mud-sills, which cross the stream, are 12 by 14 inches, being of 
the same size as those in the other dam. The first mnd-sill, at the face 
of the dam, is laid on the rock, which is leveled off as smoothly as 
possible to receive it ; and 40 feet up-stream from this is placed another 
12 by 14 inch sill, parallel with it, the two being bound together with 
timber^ ^ ^? ^ inches, running lengthwise of the stream, and placed at 
intervals of 12 feet for the whole width of the stream. Around the 
first mud-sill a stone wall is laid in water-lime, and on the foundation 
composed of this wall and sill the face of the dam is built, consisting 
of solid masonry, 30 inches in thickness. On the top of this wall is 
placed the 12 by 14 inch cap-sill. This cap-sill or plate is kept in its 
place by meanis of binders 6 by 8 inches, which extend from the plate 
to the up-stream mud-sill. These binders are fastened to the timbers 
which tie the two mud-sills together (as already described) by iron rods, 
and are also supported by posts to give them the necessary stability. 
Furthermore, across these binders, which run lengthwise of the stream, 
smaller timbers, 4 by 6 inches, are framed, parallel with the face of the 
dam, to keep the binders from spreading apart. 

AH the timber work in this dam is dovetailed where cross-timbers are 
met; and in fastening the framework together, ten kegs of 8-inch 
spikes were used, from which it will be seen that it is not likely to 
become separated by any strain it is liable to undergo. 

Back of the face of the dam a layer of clay was filled in, clear up 
to the face of the cap-sill ; back of this, brush, rubble stone and gravel 
were put in; and on top of this was spread a coat of clay. A 
covering of two inch planks was then put on, the whole length of the 
dam, for a distance of 20 feet from the crest toward the up-stream 
extremity, next to the face of the dam. Finally, a covering of gravel was 
spread over the entire up-stream slope, with the exception of about six 
feet along the cap-silL 

The banks of the stream are faced with a wall of masonry, 
connecting with each end of the dam and forming the abutments. 
There is certainly no lack of strength and soliditv in the dam, and its 
manner of construction and selection of material appear to be, for the 
region in which it is located, of a very judicious character. If we were 
to take any exception whatever, it would relate to the use of clay as 
one of the materials for filling, our own experience and observa- 
tion having convinced us that it is less reliable for this purpose than 
any other substance used, whether it be gravel, loam, sand or brush. 
Undoubtedly, in the case here described, the other sources of strength 
and compactness in the structure of the dam will preclude any danger 
of injurious results from the presence of the clay; and when thus 
protected by^ better material, it may answer as well as anv to a limited 
extent; but in cases where it is expected to resist of itself the inroads 
of the water, we should not regard its use as safe or profitable. 



104 DAM FOft QUlCKSAiCD ftOTtOlt 

CHAPTER XXXII. 



DAM FOR QUICKSAND BOTTOM. 

In the issue of Leffel's Mechanical News for November, 1873^ ap- 
peared the followinjT inquiry from a Kansas correspondent, over ue 
initials "D. P.": "How can a dam be put in with 10 feet of sudor 
quicksand at the bottom ?" In this inquiry is presented one of the moit 
formidable difficulties with which the builder of a dam has to contend. 
We will not pause to discuss on abstract grounds the principles which 
should be followed in a case of this nature, but proceed at once to 
describe a dam in the erection of which the obstacles referred to were 
encountered, and which has shown by its permanence that it posseflses 
all the necessary elements of duralnlit}'. 

Our engraving gives a general view of the dam to which we allude, 
viz. : the " Hydraulic Dam " across the Tippecanoe River at Monticello, 
Indiana, which was built in the year 18-11>, under the direction of Mr. 
E. A. Magee, for the Hydraulic Co., of that place. 

This dam rests upon a quicksand foundation, and the banks of the 
stream on each side are also of sand. The length of the dam between 
the abutments is H40 feet, its width from up-stream to down-streim 
extremity (exclusive of the apron in front) is 24 feet, and its hei^it6| 
feet The abutments, only one of which is shown in the engraving, are 
each 30 feet long, TJ feet high and 12 feet wide, and are composed of 
timber and rock as hereafter described. The foundation oftiliedam, 
part of which constitutes the apron, is laid as follows: commencing 
with the down-stream tier of the apron, the lower extremity of whicJi is 
18 feet from the down-stream edge of the nmin portion of the dam, 
poles or small trees .from six to eight inches in diameter at the butt 
and from 40 to 50 feet in length, with all the brush left on at their 
upper ends, are laid lengthwise of the stream as close together as posri- 
ble, and rock enough placed on them to hold them to their position. 
A second tier of the same kind is then laid, the ends of the trees being 
six feet back of those in the first tier; and a third tier follows in 1^ 
manner falling back from the second tier six feet as before. 

Six feet up-stream from the ends or butts of this last tier of trees is 
commenced the base of the dam itself, which is thus already provided 
with a secure foundation, composed of the upper portions oi we three 
tiers. As the entire distance from the up-stream extremity of the 24 
ft. dam to the down-stream edge of the 18 ft. apron is but 42 feet, and 
as the trees in the three foundation tiers are 40 to 50 feet long, their 
upper portions will of course extend under the whole base of the dam. 
The weight of the dam sers-es to hold them securely in place, and they 
in turn give the dam a hold upon the bed of the stream of such breadtn 
and strength that it is practically immovable. 

For the first course at the base of the main dam, seven sills or 
stringers are laid, cross-wise of the stream, the one farthest down stream 
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beins, as stated, six feet from the ends of the uppermost tier of trefll 
in the apron. The ends of these sills are seen in our eneraTin^ 
They are 14 by 16 inches in size, and their distance apart, between 
centers, is 4 feet, dividing the width of the whole base into 6 equi 
parts. They are lapped on each other where two ends meet» aad 
fastened together with 2-inch pins. Their upper sides are counts 
hewed to receive the cross-timbers, which are put in at intenrala of II 
feet for the whole leneth of the dam. These cross-timbers, whose 
direction is of course lengthwise of the stream, are 12 inches square, 
and those in the first course are 24 feet long, being equal to the widtJi 
of the base of the dam. They are counter-hewed and let down evenlj 
on top of the first course of stringers or sills. 

The second course of stringers, which are five in number, are 11 
inches square, and counter-hewed on top like the first or bottom 
course, upon which they rest solidly, making, with the cross-timben, 
a "water-joint" Next comes the second course of cross-timbert. 12 
inches square and counter-hewed, but shorter than the preoeaing 
course, the width of the dam being less as it approaches the top; then 
the third, fourth and fifth courses of cross-timbers, all of which are 12 
inches square, and counter-hewed, so as to form the "water-joint" h^ 
their contact wherever they cross. The fifth or last of the courses of 
stringers consists of a single timber 12 inches square, laid solidly on 
the center tier as shown in the engraving. The outsides of tiie outer 
stringers, and the ends of the cross-timbers, are beveled so as to 
present a smooth and even-inclined face, which is planked on both 
the up-stream and down-stream slopes of the dam, as shown in the cat 
The planks used are 2} inches thick, and are fastened to the timbeis 
with 6-inch spikes. 

By the crossing of the sills and transverse timbers in the frame, with 
water-joints as above described, a large number of cribs are formed; 
and these are filled with rock up to the comb of the dam. 

The abutments, the dimensions of which have already been stated, 
are composed of timbers 12 inches square, counter-hewed and laid 
solidly one upon the other. T':ey are lapped at the ends and pinned 
with 2-inch pins. Through the interior of the crib thus formed extend 
two courses of ties as shown in the cut, dividing it into three smaller 
cribs, all of which are filled with rock to the top. Outside of the 
abutment, both up and down the stream, for a distance of three feet, 
the bank is excavated, and the sand thus taken out is replaced with 
fine gravel and clay and sand puddle. On the side and end next to 
the water above the dam, sheet piling is driven, and the abutment is 
planked up and down with 2-incn planks. On the upper side of the 
dam and on the brush of the tree-tops projecting above, a coating of 
gravel two or three feet thick is placed. 

It will be observed that this dam by its construction forms an angle 
across the river, with the point or vertex up stream, thus giving it to 
some extent the elements of strenaith pertaining to the arcn, bat 
requiring less care in the firaming than if a regular curve was made 
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across tlie stream. It should be here stated that the engraving is in 
some respects an imperfect one, as it does not show the plankmj^ on 
the abutment; and in the cross section of the dam in tlie front of the 
pictare, the shape and arrangement of the counter-hewed sills and 
cross-timbers are not accurately represented. The cut is, however, 
sufficiently correct to enable the reader, aided by the minute descrip- 
tion we have given, to form a clear idea of the manner in which the 
work is done. 

In building this dam, 15,000 feet of hewed timber, 26,000 feet of 
plank, and 1,575 poles or trees were used. Q'he total cost at that time 
(1849) was about $4,500, but would be greater now, as labor and materials 
are both more costlv than 32 years ago. The durability of the struc- 
ture, with its broad base and the pyramidal form of the main dam, are 
■ufficiently manifest, the strength of the abutments and the weight of 
the filling both in almtments and in the cribs of the dam, being such 
as to give abundant stabilitjr, in spite of the unfavorable nature of the 
river bed. For a period of 15 years it required no repairs; but after- 
ward the abutments above the water were rebuilt, and some repairs 
were afterward made on the dam itself 
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OVERHUNG APRON DAMS. 

Dams of several different kinds, adapted to streams having a hard 
bottom, have been illustrated and described in preceding chapters of 
this work ; and as the one of which we now propose to speak does not 
difi^er greatly from some already shown as regards the material used 
and the general principle of construction, we nave given only an out- 
line sectional view of it, which will, however, present with sufficient 
clearness all the novel features contained in it. The apron, in fact, 
is the only point in which there is any radical departure from the system 
laid down in former chapters. In this respect, the dam here shown is 
quite peculiar; but as it has stood the test of practical service for a 
number of years, we must conclude that for the locality and the kind 
of foundation upon which it is built, it is a reliable structure, at least 
under any but the most extraordinary circumstances. 

This dam was built in 1867, Mr. C. Goodnow, of East Sullivan, N. 
H., with other parties, performing or superintending the work. Its 
height is 13 feet, and its length about 60 feet across the bed of the 
stream, at the point where the foundation timbers lie; while, measur- 
iniiC on the cap or top of the dam, the distance is 80 feet. One end of 
the dam rests against a ledge, while at the other end is a steep gravel 
bank. 

In the cut (Fig 1) A A represent the foundatioiv svXVa ^^\fcXL'5laxv% 



across the stream, which couBiBt of whole tranka of trees, Mma 14 
inches in diameter at the butt. These sills are made flat on tlior 
upper Burface to receive the cross-sills B, which are 12 inchea iqiun 
ana locked on the top of the sills A, as shown in the cat, tiie mn 
being 2 inches in depth. The spaces between the sills are filleowiA 
rocks. The rafters C are 2S feet in length, 12 inches in diBmetart 
the lower end, and ID inches at the upper end. They are uotclked 
upon the up-atreiun sill A, and at the other end upon the cap timber F. 
The posts D are lU inches in diameter, with a S-inch tenon at each anl 
one being inserted in the cap timber F, and the other in the ctoh nil 
B, which runs lengthwise of the stream and resting oq the founditian 
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sills A, The length of the po^ts D is sufficient to ^ive the dam, at tbs 
crest, a height of 1^ feet, as already stated. The distance between the 
rafters is 4 feet, from center to center. 

The manner in which the apron is framed is plunly indicated, and 
will attract the particular attention of the reader. The sills B pKgeet 
down stream beyond the front foundation sill A far enough to lecein 
the posts E, which incline somewhat down stream from the ftont of 
the dam. At the upper end of the posts E they are framed into the 
cap timber G, from which short timbers extend to the top of the cap F, 
meeting there the upper ends of the rafters. The projection tiioi 
formed, which we have called the apron, (although it bears but little 
resemblance to that portion of the dams hitherto described) eerrei b> 
carry offthe water from the dam, the overflow in fioods being freqnentll 

„„ .. nA 7.. _!.__ J .1. . r,r .1 -'■-naYOOl 
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verjr h&rd gravel bottom, an apron of the usual kind, and of con- 

erable extent down atream Irom the base of the dam, would be 
aired to prevent washing and tindermining ; but there appears to 
re been no necessity for it in this case. 

t sliould be further stated thst the rafters of thia dam are covered 
h planks 2} inches thick, which are secured to tbe raflierBwith 5-inch 
keo. The total amount of lumber used in building the dam was 
100 feet 

Lnother dam, stronglj resembling this in its method of construction 
' * 1 the kind of apron attached, out of a stitl simpler form in many 
e at Millhrook. Dutchess cnnnty, Ni-n- York. We give 




■ Fig. 2 a representation of the manner in which it is built, from 
■Uch it will be seen that nothing more simple or econumical in tbe 
»^ of frame-work can well be devised. The particulars in regard to 
tk dam are furnished to us by Mr. V. Anson of Millbrook, who states 
ftttthe stream on which it is built has a rock bottom and sides, tbe 
•WW bed being ouita steeply inclined, as indicated in the cut. No 
nd nils are laid, and no timbers are required to rest the braces or 
Mi A. A ^POn, aa they are footed directly into steps or notches in 
fa todk. The distance between these studs is 6 or 6 feet, orwhat- 
vnrtpace may be adapted to the height it is desired to give the dam. 
I nluung the studs into the rafter B, the builder of this dam states 
flktke (band it much better not to make long tenons, secured wit^ 



I jMi at tlie timber would give 
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satisfaction. For any other sort of bottom or banks it would of ^conne 
be unsuitable, without ver}' material modifications, and the addition of 
abutments, apron, etc., none of which are here required. 

The dam here referred to is about 150 feet long and 10 feet la^ 
The body of the structuro, as will be seen, is simply a solid wall of 
masonry, of the height above stated, about 14 feet broad at the base, 
perpendicular on the down-.stream face, and sloping on the np^treftm 
side to a breadth of some six feet at the top. Besting on solid rock, it 
requires no foundation sills; but a bed-sill or timber is provided to 
receive the lower ends of the planking, and other timbers are placed at 
suitable points, as shown, for attachment of the planking in a perfect!.? 
secure manner. All these timbers run across the stream, lengthwise of 
the dam for its whole extent. The bed-sill first mentioned is 12 by 12 
inches in size, and is placed, not directly upon the ledge, but at an 
elevation of about two feet, resting on an intervening foundation of 
brick built in pyramidal form as regards its cross-section, and laid in 
hydraulic cement The purpose of this is to give the bed-sill a perfectly 
water-tight footing, as there might otherwise be a possibility of leakage 
beneath it which would loosen the timber in its position and conse' 
quently impair the security of the planking. The Ded-stick is secured 
to the ledge by means of pins of round iron, lynches in diameter, and 
of sufficient length to enter the ledge, below the brick-work, at least 15 
inches. These pins are placed at inter\'als of not over five feet 
between their centers, requiring in all 30 pins for the whole length of 
the timber. They are well driven, and wedged at the lower end to 
prevent any lial)ility to work loose. The manner in which this is doB® 
is indicated in the engraving, and has also been mentioned in apreviott* 
chapter; the end of the pin being split five or six inches up and ft** 
iron wedge inserted, which, when the pin is driven down, comes i** 
contact with the rock and is thus forced up, spreading, the point of th^ 
pin and giving it such a hold as to prevent the possibilitjr of its witl*' 
drawal. The introduction aflerward of fine wet sand will give tl*^ 
desired firmness to the pin, and is recommended for this purpose ^^ 
equal to lead or cement. 

The other timbers are of the same size as the bed-sill, 12 by 12 inchei^ 
and run in the same direction. The manner in which they are secure^ 
in the stone-work is plainly shown in the illustration, pins of the sam^ 
material and size bein^ used as on the bed-stick, but with the end^ 
turned at a right angle, it being impracticable to wedge them as in th^ 
other case. The timber at the front of the dam is square, while th0 
other two, as will be seen, are beveled in such a way as to adapt then* 
to the planking. The planks of which the covering consists are 3j- 
inches in thickness, and laid as indicated in the cut 

The stone for such a dam as is here described may be taken from 
any ledge of field stone. About one foot of the thickness of the dam^ 
on the face or down-stream side, should be laid in cement mortar, to 
ensure its durability and tightness. 

The shores being each a solid ledge, no abutments are required, it 
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ig only necessary to make the connection of the dam with the ledge 
meetly tight by means of the cement and filling. The filling, on the 
(tream side, may he of dirt, sand and eravel, its only purpose 

g; to exclude the water from the base of l£e dam. 
e apron of this dam, it will be observed, is a natural one, the front 
be wall being within two or three feet of the edge of a steep ledge 
l^t four feet in height, extending across the stream. 
.on. N. W. Farwell, for whom, as above stated, this dam was built, 
le proprietor of very extensive cotton mills, and is using several of 
larger sizes of the Leffel Double Turbine water wheel. 
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TIMBER DAM AT SOUTH HADLEY FALLS. MASS. 

'lie of the largest dams ever built in the United States is that which 
dnds across the Connecticut river at South Hadley Falls, 8 miles 
ih of Springfield, Massachusetts. It was completed in October, 1849, 
"Work having been prosecuted by the Hadley Falls Company, incor- 
«ted for this purpose in 1848 with a capital of $4,000,000. 
liis dam is 1,017 feet long, and 28 to 32 feet in height, and is built 
imber, with the exception of the interior fillins and the abutments, 
flatter being of solid masonry. Before laying the timbers, the river- 
1, which is of solid rock, was excavated to a depth of 4 feet, and a 
nh up and down-stream of 90 feet, being equal to the base of the 
M. The first sill was then laid, 12 by 12 inches in size, extending 
1088 the stream, and bolted down to the bed-rock with two-inch iron 
ks. Rafters of the same size were then placed lengthwise of the 
torn, two feet apart, extending from the sill to the rock bottom, and 
^ng np-stream, their ends being scarfed to fit the bottom, and 
Are^with two-inch iron bolts at both ends. Timbers were then laid 
«ft-wise of the rafters, two feet apart, followed by another set of 
lers, and so on until the desired height was reached. The work was 
vtected while in progress by a coffer-dam. The size of the timbers 
ooghout was 12 by 12 inches, and all were fastened with 2-inch bolts 
ihiady described. 

rhe spaces between the timbers were filled in with stone for fifteen 
% from the bottom, and gravel was laid over this and in front. The 
pefrom the top of the dam to the upper edge of the base is 21^ 
prees. The covering consisted of six-inch planks, bolted to the 
ibers, the ridge being double planked ; and at the points where it 
i most exposed to damage by ice it was ftirther protected by a cover- 
;of boiler-plate iron. About 4,000,000 feet of timber was required 
the construction of this dam, in addition to the large quantity of 
He for the abutments, as well as for the filling at the foundation and 
■Veen- the timbers. 
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The piers, as already stated, are of solid masonrj, but the strain upOA 
them is in fact much less than might at first sight be supposed, as ^ 
dam, which is built straight across the stream, is so constructed as to be 
practically selt^upporting. It has in fact withstood the heaTiest 
freshets ever known in the Connecticut river. A striking proof of ito 
reliability was afforded in the great October flood which occurred Bome 
years since, when the stream pouring over the dam measured in depth, 
on the cap of the dam, twelve feet, three inches. 

When the dam was built, the rock bottom was deemed sufficient to 
protect the structure from being undermined by the overfall. At a 
later date, however, tlie rock under the dam was found to be under 
mined by the action of the water (when impeded by ice that had gone 
over the dam and piled up in the stream below) so that the whole i&^c 
was in danger of sinking. About one million feet of lumber and stone 
was required to fill the excavation made by the water, and build an 
apron sloping from the top of the dam down-stream, its total extent 
being about three hundred feet. 

The water is admitted by 13 gates to a main canal faced with 
masonry, 140 feet wide at bottom, 144 feet at the top, and 22 feet deep^ 
branching at a distance of one-fiilh of a mile from the river into two 
mill-races, for the use of factories on different levels. The water from J 
the upper race, af^er moving the mills on its proper level, is conveyed 
back to a point near the river, where it falls into the lower race. The 
motive power afiforded by this dam is believed to be without a superior 
in this country. It is utilized in the propulsion of extensive cotton- 
mills, paper-mills, &c., the products of which reach a formidable yearij 
aggregate, and represent the labor of several thousand men. The 
dimensions of the dam, and the volume of water which is thus made 
available for manufacturing purposes may be judged from the fact thai 
the roar of the fall is sometimes heard for a distance of 40 miles; and 
at Springfield, which is eight miles distant, doors and windows are 
frequently observed to rattle in unison with the vibrations produced if 
the overfall at the dam, and of course more distinctly perceptible in ita 
immediate vicinity. The occurrence of these vibrations has ftbrded 
an interesting subject of study to scientific men, it being found that 
they vary with the varying temperature of the atmosphere, increasinf , 
in number as the temperature rises. When the thermometer indicated 
70 deg. Fahrenheit, the vibrations were 130 per minute; at 80 de|^, 
they rose to 137 per minute. The observations of which this report if 
maae were taken by Prof. Snell, of Amherst College. The geneitl 
subject of vibrations of this character has also been investigated and 
discussed by Prof. Loomis, who states that the vibrations have in some 
cases been so marked and continuous as to be a source of eactreme 
annoyance to persons living in the vicinity; and it will readilv be 
comprehended that the monotony of such an effect, when indefinitelj 
prolonged, would become almost intolerable to people of yeiy nerrou 
and sensitive organizations. It appears from a number of instances on 
record that the vibrations do not occur, or at least do not exhibit thiB 
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nffnlarflgr otlierwise attending them, unless the water fells in an 
iiiu>rokeii sheet; and they have been interrupted or altogether stopped 
by a floating log catchins on the top of the dam, or by strips of wood 
attached to the crest of the dam expressly for the purpose. The ques- 
tion whether the air or the earth is the medium of transmission of the 
vibrations is an unsettled one, although the powerful influence of the 
temperature of the air upon their frequency would seem to favor the 
theory that they are principally conveyed by that aeency. It is quite 
possible, however, that both the air ana the ground, (especially if there 
are extensive intervening ledges of rock, affording a continuous trans- 
mitting medium,) may share in this instrumentality. 

We are indebted for many interesting facts relative to the dam above 
deacribed, to Mr. M. H. Arnold, of West Stockbridge, Mass. 



CHAPTER XXX r I. 



STONE APRON DAM. 

In the dam which we illustrate in this chapter, the usual order of 
construction appears to have been reversed, and what would at first 
glance be taken for the up-stream is in reality the down-stream slope ; 
while the perpendicular side of the dam, instead of being at the firont, 
with an apron at its foot, is at the back of the dam, the whole remain- 
ing part of the structure servins in the capacity of an apron, and 
carrying off the water in a gradualfall or rapid. But notwithstanding 
this reversal of the method ordinarily adopted, the dam here shown is 
believed to possess great durability, and for the locality in which it was 
built is said to be extremely cheap. An examination of the cut is 
sufficient to convince the practical reader that provided the river-bed be 
of a character enabling it to withstand the effects of the current, the 
dam itself has ample power of resistance. 

Our engraving presents a cross section of the dam, and one of the 
crib abutments. The builder is Mr. A. Garnsey, of Sanford, Maine, 
who states that the stream has a hard gravelly bottom — not a ledge — 
and that rou^h stone, which it will be seen is the material chiefly used, 
is abundant m the vicinity. The length of the dam, across the stream, 
is 130 feet, and the extreme heisht 10 feet, from the bottom of the up- 
stream mud-sill to the top of tne cap-timber forming the crest of the 
dam. 

In beginning the work of construction, the bed of the stream was dug 
down to the "nard-pan," and the two mud-sills were laid ^the ends of 
which are shown in the cut) cross-wise of the stream, their size being 
12 by 12 inches, and the distance between them 15 feet Between these 
sills small stones were filled in, to a level with the top of \.Vv& ^^<&^ ^si 
shown in the engr^n^; and upon the foundat^otv cou«wi^\Au^o^ ^^ 
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Btone filling the wall of which the dam is composed was laid, 
of stone employed, and the manner in which it was laid, are 
J shown as to require no explanation. Upon the up-stream 
ure erected the posts, against the upper and nearly perpendic- 
I of the dam (which requires to he as smooth and even as 
le) these posts beine 6 by 6 inches, and placed at intervals of 
Tpon the summit of the wall, and with its upper surface flush 
top of the posts, is a cap timber corresponding with the mud- 
of the same size, 12 by 12 inches. 

upright posts the planxing is secured, extending horizontally 
e stream, 2-inch planks being used, and laid snugly together, 
ire also nailed, as will be seen, to the up-stream mud-sill, 
them continuous from the base to the crest of the dam. 
\ cap piece consisting of a vei^ thick plank is pinned or spiked 
►p or the posts and the cap-timber previously mentioned, its 
•face being flush with the top of the planking, and the water 
IS carried over the comb of the dam without tending to displace 
2h timber. 

lecial object of the builder of the dam in adopting this plan 
Ated by nim, to avoid the expense of constructing an apron of 
tone being very cheap and abundant He suggests the laying 
below the mud-sill on the down-stream side, taking care to 
m together in such a manner that the water will not roll them 
ice; and he adds that the further they are extended down- 
hie better. This feature is illustrated in the engraving, in 
mX\ be seen that the base of the dam is continued down-stream 
nsiderable distance, large rocks being used, set squarely 
and so firm in their position that the current will pass over 
Usturbing them. 

)ed of the stream is clay, or of a sandy nature, spiling should 
. down, aj^ainst the upper side of the up-stream mud-sill ; but 
bottom, m the case of the dam here shown, was too hard to 
spiling being put in, even were it desirable. 
ntnients, one of which is shown in our illustration, are cribs 
lal description, logs being laid up and the interior filled with 
)nes, with which other suitable materials may be mixed, to 
compact mass and prevent leakage, as described in former 



CHAPTER XXXriL 



PILE AND FRAME DAM. 



ivtion and illustration given in this chapter^ like t\vo«i^ Vcv 
CXaII, were elicited by the inquiry aigtvei "D,"?" \w\4^^^'«^ 



118 FILE AKD nUMS DAM. 

Mechanical News for November, 1873, "how to put in a dam with tsn 
feet of quicksand at the bottom.' The dam here shown was balH womb 
years since in Mobile County, Alabama, by Mr. Andrew McGr^giK; 
afterward Superintendent of Vaughan's Mills at Moss Pointi IGm.. who 
states that the stream on which it is located has a qnickund bottom 
of eight to twelve feet depth. The averaee depth of water in the river 
was two feet, the width being 68 feet, ana the power afibrded, with 10 
feet 2 inches head, was applied in driving two 66-inch aawi, etch 
cutting an average of 15,000 feet of lumber per day. 

The first step in the construction of the oam was to tarn the atream 
with a bay-dam of brush and dirt A trench was then cut in each bank 
16 feet long and 4 feet wide, down to the water-level of the riven Six 
rows of round piling were then driven, extending across the atreftm, the 
piles consisting of pine poles 18 feet long ana 1 Cinches in diameter. 
The piles in each row were placed 6 feet apart from center to center, 
and the distance between the rows, up and down stream, was 6 feet 
from center to center. In the first or up-stream row there were 20 
piles, making the total length of this row about 95 feet, eztendins at 
each end about 12 feet into the trench, above mentioned. The ouier 
five rows each comprised 14 piles, forming, when all were driven, a crib 
or pen about 68 feet Ions and 30 feet wide, up and down stream. The 
front row of 20 piles, it should be further stated, was continued at each 
end, an addition being made at risht angles with the dam, and extend- 
ing 12 feet up the stream, along the bank, thus forming a rectangnlar 
wing at each extremity of the dam. 

Tenons were then cut on the head of each pile, down to the water 
level, and cap-sills framed on each row across the stream, the sills 
being timbers 12 by 12 inches square. Upon the cap-sills werejgained 
stream-sills consisting of timbers 10 by 12 inches, which were let in 4 
inches on the cap-sills. On the front row a filling was thenirotitt, 
between the stream-sills, of pieces of timber 8 by 12 inches^ ana4 ftet 
2 inches long, making a level surface on this row. Flat piles 3 hjr 12 
inches, 18 feet long, were then driven on the up-stream side of the front 
row of round piles, making close joints, and extending, aa alieadr 
stated, a distance of about 95 feet across the stream and into the trencn 
at each bank. This flat piling was spiked fast to the cajp^ill, and cnt 
off on a level with the top of it. Flat piling, 2 by 12 inches and 18 
feet long, was also driven along each side row of round piles, and acrofli 
the lower end, or down-strenm row of piles, thus completely enclosing 
the crib or pen formed by the round piling as above stated. The 
corners were made secure by driving the piling double at those points 
and lapping joints. The surface of the crib was filled in or floored 
with sheeting 2 by 12 inches, nailed fast to the mud-sills and the joints 
made as tight as possible, to prevent any chance of washing hy wstar 
running over the dam. 

The rafters consist of timbers 15 feet long, and 10 byl2indiei 
square, framed upon each stream-sill, the foot of the rafter standing 4 
inches back from the face line of the front mud-sill, so that the bottoa 
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plank on the face of the dam can be beveled to a tight joint OA the 
Btream-sills and the filline of short 8 by 12 timbers between them. The 
raflers have 10 feet 2 inches rise, that being the perpendicniar hdflit 
of the dam from the stream-sills to the crest Each rafter is provided 
with three braces of 10 by 12 timber, mortised into the stream-sill iridi 
3 by 12 inch tenons. The rafters and braces are framed with a view to 
throwing the strain downward and backward, as will be apparent on ta 
inspection of the engraving. 

Ihe face of the dam is constructed as follows: for the lower portion, 
reaching one-third of the way up, five rows of planks 3 inches thick 
and one foot wide were put on, the lower plank beinff beveled at iti 
bottom edge to a tight joint with the stream-sills and filling as alreadr 
specified; then five courses of 2-inch planks, same widtE, and with 
close joints; and for the last or upper third of the face, five courses of 
l^nch planks, the upper three courses being laid without nailing, so 
that they could be taken off in case of high water. The 3-inch planks 
of the first five courses were fastened with 6-inch spikes j the 2-indi 
planks with 4-inch spikes, and the first two courses of li-inch planki 
with twelve-penny nails. 

Against the face of the dam a filling was put in of sand and clay, 
extending up the slope a distance of five feet This filling is not shown 
in the illustration, being omitted in order to present more clearly the 
construction of the dam itself 

The manner in which the wings or abutments of the dam are built 
requires more specific explanation. The front row of piling, as already 
stated, is so extended as to form a wing at each end of the dam, pro- 
jecting 12 feet into the bank and turning 12 feet np-stream; and 
cap-sills were framed on top of these piles in the same manner as the 
others. In each wing were then placed five posts, 11 feet lon^ of 10 
by 12 timber, framed on the cap-sills, making the abutment win^ 12 
feet high. Flat piling 2 by 12 inches and 22 feet long was then dnveni 
down, 10 feet into the ground, and spiked to the cap-sills, 24 piles beins 
required for each wing. A filling of sand and clay was then put in and 
packed close. When thus finished the wings are not seen, ana in order 
to show them the filling is omitted in the engraving. ^ The ol^ect in 
turning the wings up-stream is to prevent the possibility of the water 
working its way around the abutments. A similar arrangement, it will 
be observed, protects the bank at the end of the dam from being 
washed out 

Mr. McGregor states in regard to the preliminary part of the work: 

" It requires both skill and patience to get piling through quicksand 
I used two 600 lb. hammers, and derricks 26 feet high, raised bjr two 
mules with snatch-blocks and tackle. Bolted on the derrick in nronti 
had two strong bars of iron ; the first, one foot above the sill, and ihe 
other six feet above, to form guides for piling. Afler placing a pile I 
worked it back and forth to settle and line it; then made it secure, and 
let the driver fall four or five feet, letting the hammer rest on the pile 
for about one minute, and shaking gently after each fall. By this 
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I got each pile home, settling them through the sand rather than 
iving, and making a perfect job much quicker than trying to force 
to through by hard driving. I have followed millwrighting for 
cnty years, and speak from experience." 

As the mill-foundation accompan3ring this dam is of somewhat 
kcoliar construction, we give a brief abstract of Mr. McGregor's 
teonnt of the manner in which it was built. It is, in fact, simply a 
>wn-6tream continuation of the foundation of the dam. Nine rows of 
iiind piles were driven, 5 feet apart across the stream, and 10 feet 
pirt up and down the stream, the first row being 10 feet from the 
nrer end of the crib or dam. Tenons were cut on the head of each 
lie, and mud-sills mortised on, thus constituting an addition of 90 feet 
» the foundation-crib of the dam. Timbers extending 90 feet, and 10 
f 12 inches in size, were then framed on the 4tn, 8th and 12th 
leam-fiills of the dam, continuing those sills down-stream and making 
teir total length 126 feet, the width of the addition, cross-wise of the 
ream, bein^ 38 feet from out to out. This foundation was floored 
ith 2 by 12-inch plank, nailed to the mud-sills. Posts were mortised 
ad framed in, 10 feet apart, 14 feet between joints, for 110 feet, or up 
> the head of the raflers of the dam. Two posts were then framed on 
le &ce of the 4th, 8th and 12th raflers, and stringers put on, 126 feet 
>Bg, making the mill floor 36 feet wide in the clear and 126 feet long, 
he dam being 68 feet in length across the stream, and the mill 38 feet 
Y>m out to out, a space was lefl, it will be seen, of 15 feet on each side 
fthe mill. This space was occupied by the water wheels, which were 
fthe description known as "breast wheels" — one on each side of the 
|iU, 15 feet wideband 13 feet 6 inches in diameter, and giving 20 feet 
istance from the head of dam to face of wheel. The flumes were 15 
et wide^ 20 feet long, and 2 feet deep, and built in the following 
anner: On each side of the mill, two of the top-boards on the face of 
|e dam were cut off, flush with the mill posts and the abutment posts, 
turee posts were framed in on each of the outside stream-sills. The 
^ next the wheels were 10 b^ 18 inches, and cut out to a radius of 
(feet 10 inches,* so as to admit H inch flooring, nailed on to form a 
'i^nd, to increase the length of time for which the water is retained 

the buckets of the wheel. The outsides of the flumes were nailed to 
i^ short posts set for that purpose, and the inner sides to the posts 
'tiie mill. 

The builder of this dam and mill structure found that bjr the plan 
'ove described a very material saving was made in cost of uame; and 
' also asserts that the work was much firmer than if the two were 
parately built — the frame adding strength to the dam and foundation, 
&king it as solid as a rock for the mill. 

In our present engraving, as in many preceding ones, the dam is 
own as if cut in two lengthwise of the stream, giving a cross-section 

the structure, and exhibiting nearly every part venr clearly; the 
''e^bed being also shown as if dug out against a part of the up-stream 
seofthe dam, in order to show the position of the flatrpiling with 
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which that side is protected, the upper part of the piling only being 
visible. 
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PILE AND BRUSH DAM. 

In the present chapter we describe a dam which, thoxiffli embodjing 
principles of construction that have already appeal^ in different com- 
binations in preceding chapters, constitutes as a whole an anrnngement 
of materials sufficiently novel to justify a somewhat minute account 
The dam here illustrated is located at Mormontown, Tavlor Counlgr, 
Iowa, and was built in the summer of 1871, by Messrs. Thos. King k 
Co. The stream on which it is situated is a small one, beins but about 
60 feet wide, with a sandy bottom and sand or clay banks. The nearest 
point at which stone can be obtained in sufficient quantity to build a 
dam is 15 miles distant ; and as the cost of such material, deliyered at 
the spot, would have been too great for the economy it was desired to 
practice, resort was had to other methods of construction. Two or 
three dams had been washed out (in what manner they were bnilt we 
are not informed) at the point where this one now stands; but this, so 
far as we have learned, has withstood all the floods which hare 
occurred, and has shown no signs of giving way. Brush and prairie 
sod were the substitute adopted in place of stone ; not as bein^ a 
preferable material, but on acount of the inconvenience of obtaining 
the latter. 

In beginning the work, piles were driven in a row across the river, 
two feet apart, the row making an angle instead of a direct line, the 
middle being some six feet farther up the stream than the ends at the 
banks. A row of piles . was also driven along each bank, extending 
down the stream for sixty feet and turning outward at the lower end 
The piles used were mostly of burr oak, about 12 inCihes in diameter, 
trimmed and sharpened and driven top in the ground, and squared at 
the top or upper end for tenoning as hereafter described. Short piles, 
sawed 6 incnes wide throughout, and 2^ inches thick at one end. 
tapering to f inch thick at the other end, were then driven all aronna 
on the inside of the main piling. Above the sawed piles or sheeting, 
planks were put on, 2 inches in thickness, and the main piling thus 
sided up. 

Along the entire length of the piling, as will be seen in the engravinf^ 
both at the banks and acroiss the stream, a cap-timber is put on. This 
timber is 8 by* 8 inches, and to receive it a tenon 3 by 8 inches it made 
on the top of each of the piles. 

Outside of the piling, and between it and the banks, below the dam, 
a filling of prairie sod was put in, this with the piling itself forming the 
abutment 
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In cjiiT-tnutinp ihc «lam, or what mijiht he called the apron, tbefirt 
M«|> nqiii^iir was t«» luy tho lowor cc»urse of the three shown in tb( 
illiistniiiiiii. Thi' work was ihrrrfore bi'gun, at a point below the lowe 
].ilis ill till- stnaiii. l»y hiviiitf small iroi'S or saplingj*, without trimminj 
jilnciii^ tiMiii I.ii;:ihwiM', with the toi>s up-stream, and as thickly i 
appi arrri ii.mm h^u v to niuliT thjMu compact and substantial, the Jayt 
I'xiriiriiii;^ Iimih Iniiik to hank. This having been completed, asecon 
la,\«r was \t:t on, six (»r ei^ht I'cet farther upstream; and this ¥1 
.Mnri'.«i«Ml iv a thinl hnrr. lallinj: liack six or eight feet as before, w 
cam in;; tli.- work so lar up-strram that the extremities of the saplin 
nacliiii alu-.i' the jiiU'S driven across the strram. The brusn i 
worked 1m luci-n the piles, and on their up-stream side the filling i 
]mt in to til" hei;rht intended for the dam, 8 J feet. For tWs filii 
linisli and |»i;iirie sod were used, sloping; u|>-stream as shown. 

The piles alun^i the banks, fonnin«' the abutments of the dam, i 
some live fi et hi;:ln r than those in the dam itself, the effect oft; 
«levati«»n Jit'the ahnlinoniji being that when the water is high enough 
run ovir thiin, there is no tall over the dam, but a comparatively le' 
tlow, an<l e(»nse(pnnilv no dan;;er of washing below the abutments. 1 
jmIi's in this <lain an* dri\en into the sand from 12 to 15 feet 1 
water is adinitie«l into the race at a point some oO feet above the da 

It %\ill be seen that comparatively little material of an expens 
character is usetl in the construction of this dam, and that a great p 
of the wj)rk could be done without the employmentof skilled labor, I 
framing of the caiHimbor on the piles being the chief exception. 1 
manner in which this dam was built renders it difficult to giveaprec 
statc'inent of its cost, Messrs. King & Co. doing most of the w< 
themselves, with their own U^nns, and emploving such assistance 
was neeessarv by the day (»r month; to which tliey add, "we also 1 
some help fr«)m our neighbors." They, however, estimate that the d 
wouhl cost, if all the material were to be bought and the labor hired 
the usual term.s, i)erhaps $2,000. Messrs. King & Co. are using 
James J^effel water wheel to drive their grist-mill, and state that 
performance extteods their expectations. 

Jt should be here remarked that by an inadvertence the planking 
the further side of the stream, secured to the piles on the^ bank si 
is made to appear in the cut us if put on up and down; whereai 
should be in a horizontal ])Osition, as shown on the nearer bank wh* 
the earth is represented as if dug away in order to give a view of 1 
planking. 
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CHAPTER XXXIX. 



LOG AND PLANK DAM. 

Ab regards cheapness of construction, with at the same time all needful 
elements of durability and strength, a very satisfactory result was 
vaeched in the case of the dam illustrated in the present chapter; but 
it is also to be observed that the circumstances were highly favorable 
to economy, tiie cost of a large part of the material being absolutely 
nothing, aside from the expense of transportation; and this was not a 
formidable item, as eveiy thing required was procurable in the immedi- 
ate vicinity. This dam was built in Lycoming county, Pennsylvania, 
in 1848, and has therefore seen sufficient service to entitle the plan of 
its construction to considerable confidence. The stream at this point 
has a gravel bottom ; the west bank is sand and the east bank a sandy 
loam, and their average height is about 4 feet above the water line on 
the up-stream side of the dam. The total length of the dam is 75 feet, 
and its height, from the down-stream water line to comb of dam, 8 feet. 
Round timbers are used throughout (with the exception of parts^ of the 
abutments, as hereafter specified), and the planking is hemlock joists 3 
inches thick. 

For the foundation, five sills were first laid across the stream, their 
diameter beine about 15 inches. Upon these, eight sills were laid, 
lengthwise of the stream, of the same size as the foundation sills; and 
between these stream-sills shorter timbers were placed, parallel with 
them, laid snugly together, and with their down-stream ends flush with 
those of the stream-sills, but extending up-stream only as far as the cen- 
ter log of the dam, which rests on the stream-sills and runs across the 
stream. The ends ot this center-log, and of three similar logs in a ver- 
tical line above it, are conspicuously shown in the cut The purpose of 
the builder in allowing these timbers, intermediate between the stream- 
sills, to extend only to the center of the dam, instead of running them 
quite through to the up-stream mud-sill, was to let the interior filling, in 
tiie up-stream half of the dam, rest on the gravel bottom of the river; 
while below the center log, or in the down-stream half of the dam, the 
filling rests on the stream-sills and the shorter timbers lying compactly 
between them, giving weight and a corresponding degree of stability to 
Ihe dam. Furthermore, the projection of the stream-sills and the short 
timbers in front of the dam, constitutes, as will be seen in the engrav- 
ing, a very substantial apron, so that the water, after coming over the 
slope of the dam itself strikes these projecting timbers and runs off 
smoothly, avoiding anj reaction or the formation of a bar below the dam. 

The length of the eight stream-sills is 25 feet, and of the projection 

• in front of the dam about six feet The short timbers between the 

stream-sills, to reach to the center of the dam, must therefore be about 

- 15 feet long. They are put down as solidly as possible and *' spotted" 

upon the fouadation-sills on which they rest 
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The next step was to lay the first and lowest of the four center-loffl, 
already mentioned. For this purpose a timber as luge as could oe 
conveniently obtained was employed, 15 inches or more in diameter, 
the object being to ^ve the dam as rapid an elevation as possible, a less 
number of ties being thus required. Other timbers of aomewhat 
smaller size were laid parallel with it, as shown, and round tiea or raft- 
ers placed on them, the upper end of each resting on the center log, to 
which they were notched and pinned, the lower end of the down-stream 
rafter pinned to the log resting on the stream-sills, and that of the up- 
stream rafter to the np-stream mud-sill. This end of the ap«tream tie 
is therefore not seen in the illustration, being concealed hj the atnam- 
sill behind which it passes. 

Another center log was then put on, directly above the first, and tiei 
notched and pinned on in the same manner as before, their lower ends 
being secured to the same timbers as the ties already laid. Then came 
a third center log, and a third tier of rafters or ties, notched and pinned 
and their lower ends resting respectively on the upper crosMlU at the 
down-stream face of the dam, and on the foundation-sill at the np-etream 
side. Between the successive tiers of rafters small timbers are intro- 
duced, parallel with the center logs and cross-sills, as shown in the en- 
graving, their purpose being to give the rafters a solid bearing. 

Finally, the fourth or topmost of the center loes was put on, and on 
each slope of the dam three bearers parallel wi£ it, and of about the 
same size, were laid as shown in the cut. These bearers were hewed 
on one side to receive the covering, both slopes of the dam being 
sheeted with 3-inch hemlock planks. 

The whole interior of the dnra was filled with stone and gravel; and 
on the up-stream side, from the bed of the stream up to the foot of the 
planking, a depth of about three feet, a filling was put in of round creek 
gravel, slate gravel being added on top of this until the entire fillinc 
extended about halfway up the slope of the dam. We have indicated 
in our engraving a course of flat or sheet piling at the foot of the np- 
stream slope, although the builder of this dam informs us that no piling 
was used. We think it would be advantageous to introduce fiMt^ing 
against the up-stream mud-sill in the manner we have shown, aecnring 
it to the sill, as in this way the water would be prevented from working 
under the dam, in case the gravel filling should not entirely exclude it 
The builder of this dam considers it best to extend the planking no 
farther down the slope, on the up-stream side, than the top of theaulor 
bearer resting on the stream-sill. By this method more space is 'given 
for the gravel filling than if the planking extended down to the river- 
bed, and he is of opinion that the gravel, naving access to Uie mud and 
stream-sills, will effectually close the leaks and will in due time settle 
into a compact and impervious mass. If the planking is to run to the 
bed of the stream, he advises the digging of a puddle ditch or trench to 
render the foot of this slope perfect^secure against leakage. 

One end of this dam abuts against the foundation of the mill; at the 
other end, which is the one shown in the engraving, is an abutment of 
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the tiRiial description. Tliig is built of timbera hewed on tb 
and put up with the tics dove-tailed into the front timbers ant 
into tho l)ack timl)erfl. The ties and the back timbers are rou 
fnro tinilH.'r8 of the ahutmcnt are 25 feet long, being equal to 
of tho dam, and aro notched, at the base of the abutment, upo; 
of tho foundution-MillH of the dam. At the ends of the abut 
tioR, hewed on thn>e sides, are run into the bank at an obtuse 
a ri{;ht anirle, tlie ties of the down-stream wing being about 1! 
those of the up-stn»am wing 10 feet long. The interior of tiie 
is filled with ji^nivel and stone. Its height is 6 feet above th 
the dam, or 14 feet from the water line below the dam to the 1 
abutment 

The heaviest of the timbers used in building the. dam were j 
as already stated, al>out 15 inches in diameter, the lowest of 1 
lo^s heing still larger than this. The ties or raflers running 
center up and down stream to the mud and cross sills were 
than 10 inches in diameter, on an average. 

The bank on the side of the stream on which the abutment 
is not quite so high as represented in the engraving, being 
feet below the top of the abutment, or four feet higher than 
line on up-stream side of dam. 

The cost of this dam, as stated by the builder himself, wi 
sidered extremely moderate. He says: ** I put this dam upii 
$153. I hired labor for $1.00 per day, and teams for $2.50, 
the whole with stone up to the planking. The stone was ha 
to haul it but a short distance. 

The plank cost, delivered, $5.00 per thousand feet, making ... 
Total labor and hauling, ...----- 



Total cost, 

The timber was rough hemlock, cut on our own land, and w 
consider it worth anything. When timber is plenty, I consid 
cheap and durable a dam as can be built." 

It will be seen that the expense of constructing such a da 
present time, or under circumstances less favorable as regart 
ness of materials and convenience of obtaining them, w 
considerably greater than indicated by the foregoing figure 
fact should be Dorne in mind in estimating the cost of an; 
structure: but the full description we have given will enable 
interestea to judge of the comparative cost of the work in a 
locality and in a time of higher prices than were in vogue 33 y< 

The mill for which this dam furnishes the motive power is 
as above-mentioned, on the shore of the fitream opposite to 1 
ment, the flume being directly between the mill-house and 1 
and a wing of the mill building extending out over the head-n 
the tail-race is carried along the side of the stream and in clc 
imity to the current, the builder says : " I run a small crib 1 
dam down the creek, built of small roond timbers, averaging i 
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is in diameter. The crib was 6 feet wide and about 4 feet High, 
filled with stone. The object was to keep the water, after it 
)ver the dam, from entering the tail-race. I started below the 
i sunk the tailrace down to gain head, making about 18 inches 
method." . 



CHAPTER XL. 



FRAME DAM WITH SHEET PILING. 

either a mud, sand or gravel bottom, the description of Jlam 
jd in this chapter will be found, it is believed, a satisfactory one 
spects ; and although not so economical in cost as some which 
an previously illustrated, it still does not compare unfavorably 
her plans, for the locality in which it was built. The best 
e of its merits is the fact that it has proved to be reliable where 
lethods of construction had signally failed. Preliminarjj' to 
; this dam (which is situated 2 J miles from Pittsburg Landing, 
county, Tennessee), a temporary dam of brush and dirt was 
ap to turn the water from the spot where the work was to be 
Qn. A ditch was then cut extending across the stream, from 
> bank, a distance of about forty feet. A mud sill 12 inches 
ras laid at the bottom of this ditch for its whole length, and 
ill mortices were cut at intervals of 4 to 6 feet to receive the 
The posts are 12 inches square and cut to a length equal to the 
water it is intended the dam -shall afford, which is in this case 
This is the rule adopted by the builder of this dam, his theory 
lat the pressure to be resisted by this part of the structure is 
e, and requires the same length of timbers, as in the case of 
^rstructure. He, however, expresses the opinion that for a 
igher head the length of the posts in the ditch need not be 
onately increased, and that, for example, posts 10 feet long 
e sufficient if the dam were to give 15 or 20 feet head. In our 
ff, posts of much less length would answer equally well, as the 
►r sidewise pressure of earth is a very different thing from that 
-. It need hardly be remarked that the depth of the ditch, the 
of which is the first item in the work, will be determined by 
;th it is intended to make the posts — the top of the post, when 
be about one foot below the ordinary level of water in the 

>osts having been framed into the mud-sill, a cap-sill is put on 
lem, reaching the whole length of the dam. A double row of 
ling is then nailed on the up-stream side of the frame com- 
f the mud and cap sills and the connecting i)osta, the two 
of piling being so placed as to break jjoin^, The piling 
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be of any saitable thicknefls, but shonld all be of the same iridtb, 
in order tnat it may be snn^ly put on, one row covering the joints of 
the other. Another sill, 12 inches square and 40 feet long, is then laid 
across the stream, on the river bed, at a point 20 feet down stream 
from the d^^ydll on the posts. Stream-sills or sleepers of about the 
same size, and 20 feet long, are put on, their upstream ends fitted to 
the cap-sill, and their other ends to the parallel down-stream sill. 
The stream-sills may be placed 3 feet apart. The ends which connect 
with the cap-sill are halved with it so that the stream-sills rest on the 
I>ost and. the cap-sill is let in upon the stream-sill, as shown in the 
engraving. At its lower end, the stream-sill is laid on top of the cross- 
sil^ and spiked or pinned to it The flooring is then put down, for 
which purpose 2-inch planks may be used. In our illustration the 
flooring is shown running cross-wise of the stream ; but if sleepers 
were laid across the stream-sills, the planks for the floor could then be 
pnt on lengthwise of the stream, which we think the preferable method. 

Upon the platform thus constnicted, 40 feet across by 20 feet up and 
4pwn the stream, the posts, rafters and covering of the dam are placed. 
The posts are 12-inch timbers, of sufficient length to give the dam a 
I>erpendicnlar height of 4 feet, and are set on the floor, the foot of each 
post being directly over a stream-sill, and firmly spiked down. Upon 
the top oi this line of posts a 12-inch cap-timber is framed, and from 
this cap-timber the niters, equal in number to the posts, extend to the 
upstream edge of the floor, where their lower ends are secured with 
12-inch spikes. For the slope here given to the dam, the rafters would 
require to be about 8 feet long. A shoulder is cut on the upper end 
of each to fit them to the cap-timber ; and the rafters are then covered 
in the same manner as the apron or floor already described. 

For the abutment, a ditch should be dug, and a mud-sill, posts and 
cap-sill put in, on the same plan as above indicated for the dam, with 
the same protection of sheet piling, in a double row, on the water 
side of the posts. A wall of hewed logs is then laid up, 40 feet long, 
its lower end being even with the down-stream extremity of the dam, 
and its upper end 20 feet up stream from the ditch at the base of the 
dam. At each end, the abutment is turned at a ri^ht an^le and carried 
back into the bank ; and timbers may also be built up in the rear and 
ties inserted connecting the face and back of the abutment, forming a 
strong crib of the same general description as those represented in 
former chapters. The interior of this crib should be filled with earth, 
gravel or rock. The height of the abutment here shown is about 8 
feet; and it should, in any given case, be carried up far enough to be 
a little above the highest stage of head water, to prevent the stream 
from washing over or breaking around and injuring the banks. The 
cracks between the logs are stopped with planks to prevent leakage 
into the crib. In the engraving, planking is shown put on vertically, 
extending up to a level with the crest of the dam ; and if the whole 
face of the abutment is covered in like manner, it .ill be all the more 
secure. Hewed logs are preferred to other lumber for erecting this 
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abntment, as being more durable and equally satisfkctoiy in other 
respects. 

The chief pecnliaritr of this dam, and one which seems to recom- 
mend it for any suitable locality, is the manner in which the sheet 
piling at the base of the abutments is secured, being fastened to sills at 
both the top and bottom of the piles, instead of driven down into the 
river bed in the ordinary manner. Mr. John H. Macdonald, of Pybnm's 
Bluff, Tennessee, who erected this dam in 1867, describes his previoiu 
experience in the use of piling as follows : " In 1866 I bnilt tnis mill, 
and drove the spiling to a dep£ of 5 feet I thought I had one of the 
best jobs in the world, and it was nice at the top. In June, 1867, mj 
dam undermined, and everybody cried out ' Rat ! ' On ezaminine it 
carefully, I found that it was the fault of the spilinz, and when I ditched 
it out I found it in this shape : Stick your three fingers out 8traigfat~ 
then draw your second finger forward — ^you can then see how mT 
spiling was at the lower end. Now I suppose this is the case with all 
drove spiling; and no wonder the rats get so much abuse. Suppose a 
rat cuts a hole in the drove spiling, and the water commences running 
through ; there is nothing at the lower end to hold, and t^e spiling 
begins to give way, one by one, till all is gone or ruined. The advan- 
tage my man has over spiling is this : suppose a rat does cut a hole 
through the spiling, all the water can do is to pour through the hole. 
It cannot affect the dam, for the spiling is fast at the bottom and top. 
It must move the whole of the dam and mill and abutment at tlie same 
time. I feel assured that parties who build their dam and abutments ' 
i ti the manner I have described will save money in the long run, and 
the rats will go in peace." 

Mr. Macdonald also states that at the point where he built this dam, 
four mill seats had been undermined and ruined and three ownen 
l)roken up; but the dam here described has now been standing (in 
1874) seven years and is still sound. It is our impression that w 
flooring or apron planks of Mr. Macdonald's dam run lengthwise of the 
8tream instead of across it, resting on sleepers transverse to the stream- 
sills as suggested in the foregoing article ; but our engraving was made 
from data in which the transverse sleepers were not includedf and the 
flooring was therefore represented resting directly on the stream-sills 
and crosss-wise of the river. 
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DOUBLE CRIB PAM— TRESTLE DAM. 

A method of constructing a dam which may interest our readers "toj 
the somewhat novel features it possesses, is presented by a structure Oj. 
this kind on the Dakota or .T«mps river, in Dakota Territory, erect^^ 
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by Mr. D. Shearer. The bed of the river is a mixture of clay and sand, 
and is not very solid. The banks are of cla^, quite firm and reliable, 
14 feet high on one side, while on the other side is a bluff some 75 feet 
hiffh. The distance between them is about 100 feet The dam consists 
or what ma^ be called a double crib, with an intermediate filling, an 
up-stream mling or slope, and a double apron of stone on the down- 
stream side. 

In the first place, a log crib was built, straight across the stream, 8 
or 9 feet high, and of sufficient width to give it the necessary stability, 
say 8 feet. This crib was filled with rock and clay, and 12 or 14 feet 
farther np stream another crib was built, similar to it but only 4 feet 
high, and of proportionate width. Stringers or ties were put in, 
extending between the cribs and holding them firmly together, and the 
space between them was filled with rock and clay. Above the up- 
stream crib, also, a filling was put in of the same materials, these being 
close at hand and costing little or nothing. 

The apron is terraced, so to speak, consisting in other words of two 
long steps, giving it the form of the log aprons illustrated in previous 
chapters, where the successive courses of logs fall back as they rise, 
giving the water a gradual descent. The apron in this case is built of 
rock, the part next to the front or down-stream crib of the dam being 
4 feet high and extending down stream 14 feet. Below this is the 
second apron or step, also of rock, 2 feet high where it joins the first 
apron, and extending 12 feet down stream, sloping at the same time to 
a height of only 1 foot at its lower extremity. This gives a total 
extent of apron, lengthwise of the stream, of 26 feet, and the water is 
thus very smoothly and gradually carried away. The entire width of 
the base, from the ujhstream extremity of the filling above the upper 
crib to the down-stream extremity of the stone apron, is about 60 feet, 
while the length across the stream, as above-mentioned, is 100 feet. 
With so broad a base, relatively to the height, the latter being only 8 
or 9 feet at the highest point, or surface of the down-stream crib, it will 
be seen that even with a strong current and a large volume of water, 
the dam is not likely to be earned off. The use of clay in the filling 
is the only feature which leads to any apprehension of injury by water 
working its way through; but the distance it must penetrate to do any 
material damage, and the use of rock in connecticn with it, render any 
disaster of a serious nature highly improbable. If a moderate propor- 
tion of sand or loam were also employed, so that any small inroad or 
gap which the water might produce would be speedily closed by the 
settling together of the materials themselves, there would be still less 
liability of trouble from this source. 

The canal or race to convey the water to the mill is to be commenced 
at a point 10 or 12 rods above the dam. We should here remark that 
although we have in the foregoing account spoken of this dam as a 
structure actually completed and in service, it was in fact only in con- 
templation at the time our data concerning it were obtained ; but we 
believe it has been built substantially upon the plan above di^^^sr^^^ 
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TRESTLE DAM. 



For a locality in which it is intended to obtain bnt a comparatiyely 
low head, say not above 3 or 4 feet, a dam of very simple and cheap 
constmction may be built, resembling somewhat the firame dams 
described in preceding articles, but of much less weight of timber and 
expense of framing. For a dam 3 feet high, trestles may be made of 
round timbers 6 or 7 inches in diameter and from 9 to 10 feet long, 
these constituting, with their covering of boards, the slope or upper 
surface of the dam. Near the upper end of each of these rafters three 
supports or legs are inserted, close together at the point where they 
enter the rafter, but spreading below m a direction jparallel with the 
stream, thus giving them the requisite firmness against longitudinal 
pressure. The holes for insertion of the legs may be made witli a 
2-inch aueer. The trestles thus constructed are sei about 3 feet apart^ 
with the legs down stream, and the up-stream ends of tiie rafters 
settled thoroughly into the eravel or mud ; or if the bottom is rock, 
the ends of the rafters should be beveled so as to fit upon it snugly. 
The trestles are set in a straight line across the stream, the raft^ 
being in an even range so as to receive the covering in a regular and 
uniform manner. For the covering, inch boards are sufficient, secured 
to the rafters with nails. In putting them on, the work should be 
commenced at the top and continued toward the bottom of the slope. 
If the stream is a large one, a second course of boards may be put on, 
nailed on top of the first. This second course will run up and down, 
parallel with the rafters and the direction of the stream, the first course 
being necessarily laid crosswise of the stream. A filling of gravel, or 
of small stones, sand and loam is now put on the upper surftice of the 
dam, and the work is finished. The strength of the fabric may be still 
ftirther increased if it is underpinned with rock, and flat stones placed, 
broad side down, in front of tne legs supporting the trestles. When 
thus strengthened, it is claimed that no liability of settling exists, and 
that the dam is absolutely secure from being washed out. 

Mr. John F. Hazzen. of Sonestown, Pennsylvania, who fumislies us 
with particulars in regard to this dam, pronounces it, on the strength 
of his own experience, a cheap and good one. He states that hehas 
used a dam of this kind at his mill for over twenty years. . He also put 
in one of similar construction, five miles farther down on the same 
stream. This dam was but 20 inches high, and no difficulty was ever 
experienced with it. It resisted all the floods that ever passed over it^ 
and when removed had to be torn out. The river has what is called a 
" rolling bottom," composed of gravel and sand, and is said to be a 
very hard stream on which to hold a large dam in place, in case of the 
water washing under '^'- and the dam consequently settling or tending 
to float off bodily. 
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LIGHT FRAME DAM. 

The actual length of the dam illustrated herewith is 264 feet, and 
including the planking of the abutments, amounts to about 300 feet ; 
but in order not to reduce the scale of the engraving so low as to 
prevent the construction from being distinctly shown, the length of 
dam, as represented in the cut, is but about 100 feet, its height to the 
water line being 7 or 8 feet It is situated in Stephentown, Rensselaer 
connty, New York, and was built by Mr. Eufi;ene C. Goodrich in 1872, 
to run a circular saw and planing mill. The stream is a small and 
fluctuating one, and has a bottom of clay, gravel and mud. The object 
of the builder was to construct a tight dam, entirely of wood, to form a 
reservoir. The area of the reservoir thus obtained is about eight acres. 

The foundation consists of three rows of large elm logs or mud-sills, 
laid crosswise of the stream, about 4 feet apart, each log from 12 to 24 
feet long, as convenient; the logs of each row breaking joints with 
those of the next row. These are laid in trenches frcm 2 to 3 feet 
deep. Across tlTese mud-sills are laid the cross-sills, lengthwise of the 
stream, 12 feet long, 9 inches square, and placed 6 feet apart These 
sills are notched 1} inch on the bottom, where they cross the three 
mud-sills, and pinned with 1} inch pins. The mud-sills are spotted 
from 3 to 6 inches deep, and faced on the up-stream side. The cross- 
sills are also notched 1 j inches deep on the top, a little up-stream from 
directly over each mud-sill, to receive the foot of the posts and the 
lower plate. 

The posts, or braces, of which there are two courses, are 6 by 7 inches, 
the vide way bein^ put lengthwise of the dam, and are pinned at the 
foot with 1 1^ inch pins, without tenoning. .There are three plates running 
lengthwise of the dam and supporting the rafters, each plate consisting 
of pieces 12 feet long, put in to break joints. The lower plate is 8 
indies square, and rests directly on the cross-sills at the up-stream foot 
of the dam, in the IJ- inch notches before-mentioned. The middle 
plate is 7 inches square, and rests on the short posts, which are about 
3 feet long, a 1} inch tenon being made on the upper end to hold the 
plate on, and a f inch pin put in. The upper plate is 6 inches square, 
resting on the long posts, which are about 6 feet in length, and framed " 
and pinned in the same manner as the short posts. The distance 
between tiie lower and middle plates is about 3} n^et, and between the 
niiddle and upper plates 4 feet The posts are set at a right angle with 
the rafters, and at an angle of a little less than 45 degrees with the 
cross-sills. Braces 4 by 5 inches square are also put in between the 
middle and lower plates, over the cross-sills. 

The rafters are 4 by 5 inches, and 3 feet apart between centers, 
eveiy alternate one being over a post and cross-sill, and pinned with 
14nch pins. In the general view of the dam m oxxr ^Ti^^^Vii^, c«^ 
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balf tke rafters are shown, those occurring between the posts belne 
omitted. The lower ends of the alternate rafters mentioned, which 
are those shown in our engraving, are notched over the up-stream ends 
of the cnKMiUs. aiid pinned so as to bind all firmly together. The 
frame-work i» all red oak. The planking is chestnut, 2 inches thick 
for about two^hirds of the height from the bottom, and 1} inch thick 
for^ the otjier third. Everr plank is grooved, and tongues of oak i by 
U inch pot in. This the builder considers a very important item in 
a tight dam. The planking in the abutment is also tongued, and even 
the spiling at the bottom. The planks are only 6 feet long, and are 
thorouj^ify pinned witk l^inch oak pins. 

At the up-stream ends of the cross-sills there are short oak posts 

driven down in the ground (of the same size as the rafters, 4 by 5 

inches) and mnn^ at their upper ends to the cross-sills, to which are 

.spiked 2-incn planks 12 feet long. To these the upper ends of the 

spiles are spiked, the planks also formiiij^ a tight joint at the angle 

between the Bpiline and plankinis. The spiles are of IHnc^ chestnut 

plank, tonffued — uough any kind of wood will answer, as bein^ 

entirely under water at all times, it will last an indefinite period. The 

spiles are 4 feet long, more or less, according to the kind of bottom in 

which th^ are driven, and are sharpened on the flat sides and driven 

tight togetker. This is a slow and tedious process, but is of vital 

importsinoe. 

llie ands or abutments are formed by perpendicular i)osts and 
planking, even with the foot of the dam, similar to the rafters and 
planking of the main dam, extending 12 feet into the bank at the west 
end and 24 feet at the east end. Below, or on the down-stream side 
of this uprieht part, there is a solid bank of dirt and brush filled in, 
about as hi^ as the water line, some 10 feet thick, and very firm and 
compact There is also a filling of mud, dirt and gravel on the water 
side of tie abutment, and along the whole length of the dam, extend- 
ing about 3 feet up the planking. 
^ The apron is 60 feet long, and, as will be seen in the illustration, its 
- npper edge is even with the upper plate of the dam. There are at 
; present no flash-boards, but is the intention of the owner to put them 
on the coming season. The apron is planked directly on the main 
posts of lie dam, (which are supported ])y braces between tne middle and 
upper plates) with 2-inch planks, so that the water will slide instead of 
falling over it. At the bottom are 12-foet planks 3 inches thick, 
placed lengthwise of the stream on two long mud-sills, their upper 
ends resting on the third or down-stroam mud-sill of the main dam, 
and pinned with 1-iuch pins. At the foot of the posts, across the 
3-incn planks, is a 2J-incfi oak plank to receive the force of the 
descending water and the shock of flood-wood coming over the apron. 
One-tenth of the capacity of the apron will canr the stream at an 
ordinary stage but it sometimes rises verj- rapidly and to a great 
height 
^0 spiling is considered necessar}' at the lovror eivA. o^ \)![i^ \!C^tqxv. 
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CHAPTER XLIII. 



DAM FOR .ROCK AND SAND BOTTOM. 

stream on which the dam illustrated in this chapter is sitaated is 
as the Little St Francois, the location of the dam beins 1} 
lorthwest of Fredericktown, Madison County, Missouri. The 
ofUie itream at this point is between high bluffs of porphyry, 
}eem to haye been upheayed by some tremendous power beneath, 
cks are Ml of fissures, and the bed of the stream presents the 
finee of large bonlders, ten to fifteen feet in length and breadth, 
been taken oat at irregular intenrals, and the cayities filled up 
ayel and sand. The dam here referred to was built in 1869 by 
im T. Lee. He states that between the sloping solid rock bluff 
in our engrayins) and a large " hump" in the bed-rock in mid- 
, was a space filled with sand and grayel of unknown depth, in 
[le bnriealarge white-oak logs, below the general level of the bed- 
ith the large ends downnstream, and extending about^ 8 feet be- 
$ face of the dam, on which to place the apron for this portion, 
3r part requiring any. Gains were cut in the round logs, and by 
ig the bed-rock a place was made for the mud-sill as low down as 
e. This mud-silL running across the stream, was keyed in the 
n the logs and bolted to the bed-rock. The method adopted for 
; to the rock was to drill a hole from 6 to 10 inches deep, take an 
)lt and batter the end until it could just be pushed to the bottom 
bole, set it perpendicular and pour in melted lead or brimstone 
le hole was full The timber was then put down and fastened 
nut. 

dam is 110 feet lon^, 10 feet high from level of tail water, and 18 
ide, and is built of sawn white-oak timber. The down-stream 
11 is 10 by 12 inches; the cap-sill 8 by 10 inches; the upright 
by 8 inches, and put 6 feet apart, mortised into the cap and mud- 
th short tenons and not pinned. There are also two up-stream 
Us, the first put as low as possible, in a level position ; and at in- 
of 6 feet, timbers 6 by 8 inches, 18 feet long, are placed on the 
am and down-stream mud-sills, serving as cross-ties, and bolted 
down-stream mud-sill with f inch bolt and nut The top up- 
mud-sill was next put down, and bolted down through the cross- 
he lower sill, a nut being used wherever access coulobe had to it 
under side with a wrench. The face or down-stream side of the 
iclines up-stream about one foot from the perpendicular, and the 
[ is bolted to the solid bluff. The rafters, which are 3 bjrS inches 
ieet apart, were put on in the following manner: a gain was cut 
upper corner of the top ujhstream mud-sill, in which to place the 
the rafler in such a manner that in order to slip down-stream it 
lide up an inclined plane. The cap sill was also gained so that 
Eter might have a Searing the full widtXv. o^ \)ti^ ^X. '^^ t^&^x 
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ned at this end so as to give it a shoulder about i inch deep on 
rn-stream side of the cap-sill, and extended about 10 inches be- 
le cax>-sill, so that the water might fall clear of the mud-sill. 
12 inches long were made out of i inch rod iron and driven with 
^-hammer through the ends of the rafters (which were bored for 
pose) into the cap and lower sills. Under each rafter were put 
ces, 4 by 6 inches, half the upper end of each brace being cut 
form a shoulder for the raft;er, to which it was bolted with a f 
It and cut The lower end of each brace stands on the solid 
k, tlie brace leaning up-stream. 

irst plank i^ then put on the lower ends of the rafters, its ed^e 
leveled so as to make a true &ce ivith the top mud-flilL The 
was then put in at the up-stream foot of the dam, in the follow- 
aner : oak planks 10 inches wide and 1 incl\ thick were sharpen- 
»ne end, wed^e-shape, from one side only, driven down and 
ap again, and the battered places re-sharpened until liie whole 
as of uniform shape. The plank or spile was then set and 
to both sills and the covering plank, the beveled side of the 
2in2 down-stream, or next the dam. The row of spiling was 
>ubTed, the second row being of the same lumber, breaking 
ith the first row, but having its beveled side up instead of 
ream. A filling of sand and gravel was put in, up to the top of 
ling on its upper side ; and under the dam, against the two 
.m mud-sills, loose boulders were put in, extending up to and 
the rafters for about one-third their length. The dam was then 
planked with inch boards, the first layer being of oak, the upper 
pine. The preference was given to pine as being less liable to 
1 the sun. At the top of the dam, to finish it, a 2-inch oak 
ras laid and well spiked on. 
dam has sustained several very heavy freshets, but at our last 

presented no appearance of yielding in any part, except the 
nK just mentioned, which was badly torn by logs and trees, 
)ming in innumerable quantities during the freshets, and rush- 
ough the narrows with great rapidity. 

dam contains, in the aggregate, 12,000 feet of lumber, costing, 
per thousand, $180. The labor of two workmen, who built the 

thirtv days, is put down at $60, and the cost of nails, bolts, etc., 
oiated at $25. The total cost of the dam, therefore, by the 
'8 figures, was $265. 

OVERHUNG APRON DAM. 

pages 108 and 109 we have illustrated two dams of the " over- 
apron" construction; and we now give a sectional view of 
ir of the same general nature, but difixjring in some or the prac- 
etails sufficientfy to warrant a brief description. The builder of 
im is Mr. S. K. Cross, of Burlington, Kansas, the location being 
Neosho river, at that place. It was found neceaa^rj \,o \^ma^^ 
I already in, which was of too light conatructiou V> \i^ x^^iJ^^, 
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Tlin wli'ilir ui([(>T NMifar;!! of th(j dam, inclodinf; the pttgect 
riiviTi:'! witli '(-iiiish plunk. kII thn planks being dressed on thi 
wiLli li Iwvitl ur 1 innh. \Mnn drcming and nsing, tbef are a 
111 lln utiLiI nlmul lialf Hcaaoncd, this being in all such cases an 
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lit wecantion against the i^jariooB effects of either swelling or 
(rinking, one of which is likely to occur if very dry or entirely green 
mber is used. The cut indicates sheet piling at the up-stream foot 
f the dam, against the ends of the bottom sUls and rafters and the 
d6 of the cross-timber between them, and making a close joint with 
le foot of the planking. On a rock bottom, ot course, this piling 
vM not well be pat in, and Mr. Cross, we believe, merely planks this 
hL covering it tightly and making the joints yeiy close. 
Ab bents of this dam are placed 8 feet apart, between centers. The 
ittX length of the dam is 290 feet, and its height 10 feet above 
lie bottom sills. The Neosho rises to the height of 24 feet in 
ztzeme high water. Mr. Cross states that he gains 5 feet in head-race 
ad tul-nce^nd places the cost of his dam at $7 per foot, lumber 
leing.voirth 930 per 1,000 feet The overhanging apron delivers the 
rttdr .00 fiur below the dam that it cannot wash up under the sills to 
iftct the foundation ; and the builder is confident that the dam will 
list tin it rots out 



CHAPTER XLir, 



BACK AND RESERVOIR EMBANKMENTS. 

There is a radical difference in the conditions to be taken into 

account in constructing a dam for the purpo:«e of raising the water in 

a river to a certain head and discharging the surplus, as compared with 

tliOBe which enter into the calculations for an embankment against 

Bttnding water, or along the course of a deep and slowly moving body 

of water, as in a canal or race. In the case of a dam, there is but a 

oomparatively narrow channel to be obstructed, and often a swifl cur- 

i^t is to be resisted; but on the other hand there are special means 

of fortifpng the structure by securing it to the banks or to abutments, 

lilting Its roundation to the river bed if it be of rock, building it with 

• curve or angle up stream so as to give it the elements of strength 

pertaining to an arch, and in various other ways providing against the 

special dangers to which it is exposed. The peculiar sources of dam- 

>CB affecting the stability of a dam are the force of the current and the 

teidency ot the water to wash it in passing over, (unless delivered 

ttrongh a chute or waste-way) or to react upon and undermine it when 

discharged by an overfall. In an embankment for a race or reservoir, 

on the other hand, while the advantages of banks or abutments to 

wrve as an anchorage are not afforded, and the principle of the arch 

cannot be introduced, the sources of danger are at the same time 

fewer in number, and the problem is perhaps as much simplified as the 

ttcans for its solution are reduced. The larj5est scale oiv7i\v\tVv^Qt>M^ 

of this character are undertaken is reached in t]b.Q eoTi«^x^3L&^XQTL ^1 
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Icvccs nnd (lyk«>s; and in these but little difficulty would be 
tercd in ReLMiriii); the most ample strengUi and durability, wi 
for the i in mm 80 extent to which such works are necesniil] 
from which it resultd that the strictest economy in material i 
must Ix; pructised. A metliod of construction which woaldb 
but moflerately expensive in a dam one hundred feet long 
absolutely ruinous in its cost if applied to a dyke or levee ha 
miles in extont; and even when carried no farther thim the 
meat of a roHervoir it would often require an impracticable 
in this instance the burden fulls on a single individual ai 
borne by the whole community as in the case of a public wo 
nature. 

It follows that in X\\^ construction of embankments selcc 
be made from but few different kinds of material, and these o 
description — clay, sand and loam being the chief elements 
for the purpose — and that the question of the plan of buDdin 
itself mainly into two points, the breadth of base and the an] 
slope. Of the three materials above mentioned, we have it 
chapters given the prefenMice strongly to sand and loam, in c 
with gravel and rock, recommending the use of clay only 
limited extent, and mixed with the other substances iiamed. 
ground for Uiking this view is the tendency of clay to mi 
position when passages are worked through it, leaving 'thes< 
open to be worn wider and wider, finally destroying 9ie cc 
the whole mass. Sand or loam, on the contrary, especially t: 
will pour in and close a gap which may be accidentally m; 
leak may thus be stopped, in many cases, without any act 
being required. This point, we observe, is recognized even 1 
ties which on general grounds advocate the use of clay, 
missioner of levees in one of the western States alludes to i 
as being peculiarly liable to the attacks of craw-fish, which 
through tnem from the water side, and seize upon the sn 
water insects which pass in with the flow. He remarks thi 
embankments give the craw-fish every facility for his work, 1: 
cannot operate in sand, as the hole falls in as soon as n 
therefore advises that a wall of sand be carried up in a cla; 
ment, and urges this matter as one of great importance. 

There is a marked distinction between the use of clay as i 
crib-work, where a current is constantly seeking to forci 
through, and the employment of the same material for a rac 
voir embankment, where its weight and solidity give it supei 
Except for the requirement of sand as a protection against 
it may be doubted whether a levee or embankment should 
cases where practicable, be built chiefly of clay. It is b, 
heaviest of the three materials here under consideration, the 
stiff clay being 185 lbs. per cubic foot, while that of loam i 
and of light sand only 95 lbs. per cubic foot. No other singl 
the construction of an embankment is of greater importance 
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eight, as this, with the proper breadth of base in proportion to 
It, is the sole dependence for the solidity of the work. As to its 
tnetrability, which is another important item, it must be borne in 
I that there is not the same liability to leakage in an embankment 
QSt comparatiyely still water as in a crib or filling against which a 
int is constantly directed, and over which the water frequently 
I— to say nothing of the eddies, whirlpools, reacting currents and 
irwash which are perpetually threatening the safety of a dam. A 

embankment, therefore, which has its slopes not too steeply 
bed, its material firmly packed down, and its face on the water 
suitably protected, is as reliable a work as can be desired for the 
)08e it is to meet It must be admitted that the use of sand for the 
le body of the embankment, though it is frequently practised on 
mnt of the greater convenience of obtaining it, is open to serious 
ictions. It is neither cohesive nor impervious ; even the winds, as 
. as the waves and currents, have power to carry it before them, and 
lie water once succeeds in x>enetrating it in such a way that the 
: does not instantly close from above, it will wear a channel with 
It rapidity, speedily enlarging to a crevasse. Loam is much less 
actionable in this respect, as it is not only nearly thirty per cent 
ner, but is also much more cohesive and firm, 
he slope which should be presented by the sides of an embank- 
it is 01 course greatly dependent on the kind of material of which 
composed. The " standing angle " or '* angle of repose " of the 
e substances above mentioned — that is, the steepness of slope 
'will bear without sliding, when subjected to no other disturbing 
ie than that of their own gravity, is found to be, for sand, an angle 
10 degrees with the horizon ; K>r firm loam, 36 to 45 degrees ; and 
clay, 65 degrees. In other words, supposing a pile to be made of 
1 of these materials, coming to a point at the top, and having a 
)endicular face on one side, as, for instance, if a bank of this kind 
thrown up against a vertical wall, it is necessary that a bank of 
1, in order not to slide or slip of its own weight, snould have 1 foot, 
ches base for every foot of height ; for loam, about 1 foot, 3 inches 
5 is necessary to 1 foot of height; while for clay, 8 to 12 inches 
i to each foot of height is sufficient. This being independent of all 
» forces or pressures than the weight of the material itself, the 
)e must be much more gradual, or in other words the base must 
nach wider in proportion to the height, in an embankment against 
er, than is indicated by these figures ; and the farther this excess 
i^idth in the base is carried beyond what the theoretical " angle of 
)8e " would require, the safer will be the embankment. In practice, 
ie mathematical proportions are in fact almost entirely disregarded, 

the more sure although perhaps less scientific rule is adopted of 
Qg the base so great a width as to provide against any possible 
iency to slip; but the fact remains that for sand a much more 
iual slope is necessary than for either loam or clay, and for clay a 
per slope may he permitted than for either of the others. In the 
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embankments of the Welland in England a base of 70 feet is given for 
a height of 8 feet, and on the Ouse, with 8 feet height and a breadth of 
10 feet on the crown, the base is 60 feet wide. In other localities the 
base is 5 or 6 feet to 1 foot of heieht, divided, as to the slopes, by 
giving on the water side 3 or 4 feet Base, and on the land side 2 feet 
base to every foot of vertical elevation. On the sea coast a still more 
gradual slope is given, being in many cases 4 or 5 feet to 1 foot to 
seaward, and 2 or 3 to 1 to landward, All these, it will be seen, are 
safe and substantial embankments, constructed rather with a view to 
permanent durability than to an immediate savins of expense ; and 
this is a rule which can be confidently recommended in all works of 
this class, whether for public or private benefit. 

The height to which embankments should be carried is subject to 
variation according to circumstances ; but the rule ordinarily adopted 
is to make the crown from 3 to 6 feet above hi^h-water mark. The 
breadth of crown is still more variable, ranging in different localities 
from 3 feet to 12 feet or more, the latter being an exceptional figure. 



CHAPTER XLV, 



RACE AND RESERVOIR EMBANKMENTS— ( Cbnfonweii). 

The necessity of adapting the slope of an embankment, especially 
on the water side, to the disturbing causes which will operate npon it, 
and the fact that it is better to err on the side of safety than otherwise, 
making the slope more gradual than is absolutely required rather than 
too steep, need not be mrther urged, having been folly demonstrated 
in the preceding chapter. The almost invariable tendency of earth to 
lose its stability in some measure when subjected to the action of 
water, and the fact that its impermeability cannot be depended upon 
with certainty, render it necessary that the nature as well as the bresMlth 
of the foundation should be carefully attended to. There are, it is 
true, many cases in which embankments which were made by simply 
heaping up earth, without any special precautions to make it water 
tight, have stood an indefinite length of time without exhibiting any 
defect ; but in these cases the desired result has been secured by a 
lavish use of material without regard to economv, as in some localities 
in India, where the cheapness of labor rendered it unnecessary to make 
such close calculations on this item as are elsewhere required. For a 
safe and permanent foundation, resort is sometimes had to a puddle 
wall with a " muck ditch " for its underlying support; the usenilness 
of this ditch being, however, strongly disputed, on the assumption that 
the natural surface of the ground is itself a more reliable foundation 
in many cases, the ditch being necessary only where the natural 
surface is loose and sandy, and by digging a ditch through it to a 
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reasonable depth a firmer subsoil can be reached. Again, many 
embankments have been Buccessfulhr constructed uoon a foundation of 
brush, especially where the soil of the locality is light and unstable. 
This method is employed in building macadamized roads in marshT 
districts in England, and in dykes and embankments in Holland. 
Ireland and Canada. The most effectual manner of utilizing the brush 
is to put it down in two, three or four layers, their total thickness, when 
compressed by the weight of the overlying materials, to be from 4 to 6 
feet; the brush to consist of branches of trees, as straight and tough as 
can be conveniently obtained, not too heavy, and of sufficient length 
to reach at each end within ten or twelve feet of the extremity of the 
slope of the embankment — the brush, however, not lying directly across 
the foundation, but placed aslant, each successive layer crossing the 
preceding after the manner of lattice work. The lowest layer may be 
pinned to the gronnd, and each of the succeedinfj layers to the one 
beneath it, by means of wooden forks ; and when this method is adopt- 
ed, the result is considered equally satisfactory with that obtained by 
the use of fascines, which are small bundles of brush tied up like a 
birch broom. In fact, the foundation can be more firmly knit and 
wrought together if simple brush is used than if fascines were employed. 
There are also certain excellent methods of utilizing sand in works 
of this class, notwithstanding its weakness as a material for a simple 
embankment A sand bank with small brush and clay intermixed, 
and the slopes faced with a firm material, has been found extremely 
durable. The use of sand piles, which is a somewhat novel substitute 
for piles of wood or iron, has been very successfully practised bjy 
English and French engineers. The method of setting such piles 18 
very simple, and in a soft and deep soil, upon which a heavy enabank- 
ment is to be placed, they are believed to afiford the utmost attainable 
degree of security. Wooden piles are first driven, in rows along the 
middle and toward the sides of the foundation, and then withdrawn, 
the holes thus made being instantly filled with sand, which must be 
rammod down as firmly as possible as it is put in. Where the work 
is extensive enough to justify it, machinery may be employed by 
which a number of piles may be driven, withdrawn and the holes filled 
simultaneously; and an iron cj'linder. with internal screw-threads for 
sinking and raising, is sometimes used to facilitate the work. But 
a light lifl-ram or a heavy sledge will often answer the purpose suffi- 
ciently, and the piles may be driven one by one, each being separately 
finished before beginning on the next. The depth to which^ they 
should be sunk will depend, of course, upon the nature of the soil, but 
need seldom exceed 6 or 7 feet. They should be 12 or 18 inches in 
diameter, and may be put from 6 to 10 feet apart If the embankment 
is very heavy, it is well to have two or even three rows of piles in the 
central portion of the base, under what is to be the crown, and another 
row toward the outer edge of each slope; and the piles should be so 
arranged that the rows will " break joints," so to speak, the piles in one 
row not being directly opposite or in line with those in the next, but 
alternating like the spots on a chequer-board. It U somewhat sup- 
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piiflitig, in view of the unstable character of sand as a material to be 
used in bulk, unsupported bv other elements, that it should be found 
so productive of strength when employed in this manner ; but it is 
nevertheless a fact that its power of resistance in the form of piles, 
both in their lateral and transverse section, is superior to that obtained 
by almost any other form of construction, except those of the most 
expensive character. In an experiment by a corps of Engish engi- 
neers, nine piles, 4 feet, 3 inches long and 8 inches in diameter, were 
driven into a very soft soil, their distance apart being 16 inches 
between centers. To drive them, a weight of 200 lbs. was let fall from 
a height of 3} feet, the drivine being continued until the piles yielded 
only about ^ inch at each stroke, after which they were settled about 
one-fifth of an inch farther by placing upon them a load of ten tons. 
They were then withdrawn, the holes filled with sand, and 16 more 
piles sunk in the same way, the whole occupying a total area of 36 
square feet. Under a weight of about 1,000 lbs. there was only a settle- 
ment of one-twenty-fifth of an inch, and under 30 tons weight, after a 
month had elapsed, the total amount of settling was onlv three-fifths 
of an inch. On the whole, it may be safely stated that a foundation of 
sand piles, especially if covered with layers of brush in the manner 
alreaoy described, will constitute, even in loose, light or marshy soil, a 
solid support for a heavy embankment, the slope being made sufficiently 
gradual to prevent any liabilitv to slip, and the face protected against 
wash. It may also be remarked that where the soil is so firm that 
piling of any sort is not required, additional strength is often given to 
the roundation by spreading on the natural surface a thick and level 
coating of sand, to which is added, if the ground is very wet, one part 
of hydraulic lime to six parts of sand. This is too expensive a metnod 
for works which are to be carried to a great extent, but may be adopted 
with good results in the embanking of a race or reservoir of limited 
area. 

The introduction of a puddle wall is so often resorted to in the con- 
struction of embankments that it deserves a few explanatory remarks, 
and we also give in connection with this chapter two illustrations of 
the manner of applying this principle in embanking operations. A 
rude substitute for puddling is found in many embankments in which 
the earth has been rendered very firm and compact by the tread of the 
workmen employed in depositing it; but this is chiefiv the casein 
Eastern countries, where the work is often done entirely by hand, and 
the bank is therefore well tramped as it is carried up, without any 
express outlay for the purpose. It is also true that in any low embank- 
ment of very gradual slope, and composed of firm, tenacious clay, the 
puddle wall is unnecessary ; but in the majority of cases it has been 
found most expedient, on the score of ultimate economy of material 
and stability of the work, to carry up an interior wall of the kind 
referred to, and also to arrange the other materials in relation to it so 
as to give the most secure protection to the base and interior of the 
embankment In the two figures of our en^tSiNiii^^^ ^7L»kXcc^<^% %2c^^^^^ 
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nf tho moth odd iidoptfMl h}- the best European enffineen, the leoond 
fifnirc nhowitiK Bomo ad\'antageou8 features not enuiraced inihefint 
It will Im^ M'on that tho puddle wall is in both cases carried down below 
the nntunil Hurfaco of the ^und. there being in this instance a bed of 
rock (>r Kolid Kiil>-Hoil which is thus reached, and the base of the paddle 
Willi b4'inic workod to^othor and blended with it as thoroughly as pos- 
diblo, a nearly iin|M*nctrHblo barrier is thus presented to the water. 
Whore thcro in no Kuch solid underlying stratum, as has been already 
romarkcd, then* ih nothing to Im! ^^aineaby sinking the wallbelowthe 
natural It^vcl of tho ground ; but in such cases it is well to loosen^ 
Hurfaco of tho ground to a depth of 6 inches or a foot, in order to Qoite 
with it the Imse of the puddle and in fact of the whole embankment 
aH closely as possible ; ana the sod which may thus require to be taken 
off may afterward H(>rv'p a highly useful purpose as a coating for tbe 
water 8*idc of the eniltankniont. ft is also worthy of note, that all gno, 
routs or other do('(>mposul)lo matter must be removed from the somee 
on which the foundation is to be made, whether it is subsequently used 
to sod the pxtorior sIoim* or not. 

In both the onilmnKm(>nts we have illustrated, however, the ditch 
system at the 1)hso of the puddle wall is adopted. In the first figoie 
this ditch has sloping sides, being much narrower at the bottom Sian 
at top; in the second it has ]K>rpcndicular sides. In both, the paddle 
wall tapers from the ditch up to the crown of the embankment, being 
thickest whore it has to withstand the greatest pressure. The pressoie 
of water against a barrier thus erected against it is directly as its 
depth; and tho shape of tho barrier must of course conform more Of 
less accurately to this law of pressure. The earthworks which we hei® 
illustrate are of the kind required where large bodies of water are to bo 
enclosed, the lower figure representing, in fact, a cross-section of the 
embankment of tho Biddeford (England) Water Works. For such 
cases, a breadth of 10 feet of puddle wall at the level of the surface of 
the water is considered necessary for absolute safety ; but in works o» 
the kind where a less powerful pressure is to be sustained, the wall may 
be considerably reduced from that figure. The manner in which the 
remaining portions of the embankments are built is plainly indicated 
in the cuts. In the lower one especially, the arrangement of the 
materials used is a prominent feature, their relative position being 
such as to give the maximum degree of security. To this end, selected 
material comprising the soundest and most tenacious and imperme- 
able of the substances to compose the embankment, is placed next to 
the puddle wall, on each side of it ; although, as it is from the water 
side that the chief danger of a breach is to be apprehended, it would 
seem a still wiser method to place the best materials all on that side. 
Why the arrangement here shown is so generally adopted it would be 
difficult to state; but such appears, to be the case. In the Biddeford 
embankment, it will be observed the water slope is protected by a 
layer or coating of puddle extending from the foot of the slope to the 
crown of ^e embankment ; a^d nutside of this is a layer of peat 



BACK AVD BESEBTOIB EMBANKXElTrfl. 151 

Another method, which is strongly recommended by many, is to cover 
the whole of the water dope with a layer of stone compactly laid by 
hand. Again, such embankments are often protected l)y ^rowin); grass 
thickly apon the top and sides — an excellent method, for which Ber- 
muda grass is said to be ^caliarly adapted, as it grows very rupidlv, 
and thrives both in sunshine and shade. A coating of loam snoula 
fii^t be spread on to give the necessary fertility. This mode of 
strengthening an embankment is practised on many lines of railroad, 
and is eqnally adaptable to the protection of earthworks against watiT, 
one of its advantages being that the annual decay of the grass tops 
affords each year a new though of course very light coating of compact 
matter on the slope, which m time adds greatly to its. strength. In 
foreign countries thick ropes of twisted straw are often used for the 
covering of embankments, being pinned to the bank with forked sticks, 
the ropes lying so close together as to form a mat, which is still further 
strengthened bv the grass or other vegetation working through and 
interlacing with it In other cases, fascines, brushwood, and some- 
times large slabs of stone are laid upon the slopes of embankments to 
shield them from injury. A choice can readily ])e made %om the 
different methods and materials we have enumerated, each builder 
suiting his work to the facilities at his command and the conditions he 
has to deal with. It should be mentioned that where the slope is pro- 
tected by a layer of puddle, as shown in the second figure of our 
engraving, it is found beneficial to mix small stones or furnace cinders 
wiUi the puddle to prevent the attacks of vermin. Fresh-water crabs 
have been known in some cases to take all the " pointing " from a wall 
of masonry, the mortar being highly useful to them as a material for 
the growth of their shells. 

In both our illustrations is shown a system of pipes, culvert, valve- 

*o^er, etc., for providing the necessary outlet to the reservoir. The 

Practice or conducting the discharge-pipe through or under the body of 

tile embankment is strongly condemned by the best engineers, as it is 

^^Qs rendered inaccessible in case a defect occurs and repairs are 

^^dered necessary; and even if protected by a culvert, there is in such 

^^8 great danger of fracture resulting from the unequal settling of 

«ie Embankment. Either with or without a culvert, therefore, there is 

^r^^^rred by this plan constant liability to accident, which may lead to 

j^'^'-Cnis damage to the embankment, and will certainly cause great 

jii^^^^venience and less in various ways. In the methods we nave 

^^^trated, the brick or stone culvert is located at a point one-half or 

x^^^ttirds of the way up the embankment, and is made large enough 

^^able a man to enter it. A still safer plan is to carry the culvert 

^^^nd the end of the embankment, or to run a tunnel through the 

|[^^y».nd beneath and entirely clear of the embankment, there being in 

,*^^r of these cases no liability of injury to the culvert by the irregular 

, ^Xing of the earthwork. The plan shown in our first figure is sub- 

2'?'^>>tially that designed by Mr. Rawlinson, an eminent civil engineer. 

^^ bottom of the culvert is in this case some 25 feet above the foot of 
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the water slope of the embankment, the syphon pipe passing throngh 
the culvert A shaft inside the embanknient and connected with the 
horizontal culvert, contains the valves which conduct the water-supply 
from the reservoir. It will be seen that the valves, inlet pipes, etc., 
are so arranged and operated that the engineer has at all times full 
control of them, and all the parts are readily accessible for repair. In 
the cross-section of the Biddeford embankment, also, similar arrange- 
ments for the discharge of water are shown, with the same communi- 
cation of the culvert with the valve-tower, and the location in the latter 
of the inlet pipes at different heights, admitting of the drawing of 
water from the reservoir from points near the surface, where it is most 
likely to be pure. A float is sometimes attached to the end of a pipe 
inside the reservoir, this pipe moving up and down between guides as 
the water rises and falls, and having at its Other end a flexible joint 
connecting it with the outlet pipe. 



PART II. 



A VALUABLE HYDRAULIC TABLE-LOSS OF HEAD 
BY FRICTION OF WATER IN PIPES 



The following Table, the calculations for which have been carefully 
m&de from the formula of Weisbach, the celebrated German scientist, 
will be found extremely useful in determining the available power of 
w^ater moving at any velocity from one to twenty feet per second, 
through pipes from three to thirty inches inside diameter. The length 
of pipe for which the table is calculated is 100 feet. But as the loss of 
head bv friction varies in the same direct ratio as the length of the 
pipe, the amount of such loss in a pipe of greater or less length than 
100 feet can be readily ascertained. 

For example : to find the loss of head in a pipe 47 feet long, 7 inches 
inside diameter, discharging 192 cubic feet of water per minute. This 
rate of discharge, as will be seen by the table, indicates a velocity of 
12 feet per second. The loss of head is found in the column for 7-inch 
pipe, opposite the figure 12 in the column of velocities, viz: 7.41 feet 
for a pipe 100 feet lon^. For a pipe 47 feet lone it will be 47-100 of 
7.41 feet, or 7.41 multiplied bv .47, making 3.48 feet, decimals below 
the second place being dropped. 

For a pipe 125 feet long, 10 inches inside diameter, discharging 490 
cnbic feet of water per minute: Velocity shown in table, 16 feet per 
second; loss of head for 100 ft. pipe, 7.9 fe*»t; therefore 

1.26 
7.9 



1126 
876 



9.876 feet of head lost in US fe^V SJaa 
given length of pipe. 
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USEFUL FACTS IN HYDRAULICS. 

Doubling the diameter of a pipe increases the capacity four tiM 

The ordinary speed to run a pump is 100 feet of piston per iiii 

To find the area of a piston, square the diameter and mihiftj 
.7854. 

Each nominal horse power of boilers requires 1 cubic foot of ■ 
per hour. 

A gallon of water (U. S. standard) weighs 8 J lbs., and contii* 
cubic inches. 

A cubic foot of water weighs 62 J lbs., and contains 1,728 fl 
inches, or 7} gallons. 

Circular apertures are most effective for discharging water, riiW 
have less frictional surface for the same area. 

Hydraulics treats of fluids in motion, and especially of *•** 
machinery and works for raising and conducting it, its action in O 
races and rivers, its adaptation to water wheels as prime moveni c 

To find the velocity in feet per minute necessary to discliar|e»l 
volume of water in a given time, multiply the number of -CuKc" 
water by 144, and divide the product by the area of the pipe in i> 

To find the pressure in pounds per square inch of a coHunnrf' 
multiply the height of the column in feet by .434. (Approri^ 
every foot of elevation is considered equal to J lb. presstDre p»> 
inch). 

To find the diameter of a pump cylinder to move a given qauA 
water per minute (100 feet of piston being the speed), divide the 
ber of gallons by 4, then extract the square root, and the refol 
be the diameter in inches. 

Vertical apertures or slits on the side and running near ' 
bottom of vessels, issue the water with a mean velocity due atj 
or lower edge of opening, or with the velocity due to a poii 
ninths of the whole height of head. 

The time occupied in discharging equal quantities of wat0 
equal heads, through pipes of equal lengths, will be different fi 
ing forms, and proportionally as follows : for a straight Ztne, 9< 
true curve, 100; and for a right angle, 140. 

To find the horse power necessary to elevate water to a given 
multiply the total weight of column of water in lbs. by the velo 
minute in feet, and divide the product by 33,000 (an allowan 
per cent, should be added for friction, etc.) 

To find the area of arequired pipe, the volume and velocity. 
being given, multiply the number of cubic feet of water by 
divide the product by the velocity in feet per minate. I 
being found, it is easy to get the diameter of pipe necessaiy. 

To find the capacity of a cylinder in gallons. Multiplying 
in inches by the length of stroke in inches will give the totu 
of cubic inches : divide this amount by 231 (which ia Uie cab 
tenia of a gallon in inc\iea\ aii^\]tift^xo^\xc\.SA'Ofta <sw$M»jk^Aa 
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The area of the steam piston, multiplied by the steam pressure, gives 
the total amount of pressure exerted. The area of the water piston, 
multiplied by the pressure of water per square inch, gives the resistance. 
A margin must be made between the power and the resistance to move 
the pistons at the required speed. 

With thin plates on the bottom or sides of reservoir, the stream, 
issuing through circular openings, converges toward a point at about 
one-half its diameter from the outside of orifice, reducing the quantity 
•discharged nearly five-eighths from the quantity that the velocity corre- 
sponding to the head should discharge. 

With a horizontal cylindrical tube, the length and diameter being 
the same, the discharge will be the same as uu-ough a plain aperture. 
A horizontal cylindrical tube having greater length than diameter, 
increases the discharge, and the discharge will continue to increase 
until the length reaches four times the diameter. 
• To find the quantity of water elevated in one minute running at 100 
feet of piston per minute : Square the diameter of water cylinder in 
inches and multiply by 4. Example : The capacity of a 6-inch cylinder 
is desired. The square of the diameter (5 inches) is 25, which, multi- 
plied by 4, gives 100, which is the number of gallons per minute (ap- 
proximately). 

The best form of aperture for giving the greatest flow of water, is a 
4K>nical aperture, whose greater base is the aperture, the height or 
length of the action of cone being half the diameter of aperture, and 
the area of the small opening to the area of the larse opening as 10 to 
id; there will be no contraction of the vein, and consequently the 
greatest attainable discharge will be the result. 

Water in falling is actuated by the same law as other falling bodies ; 
^passing through 1 foot in i of a second, 4 feet in i second, 9 feet in 
f of a second, and so on ; hence its velocity flowing through an aper- 
"tore in the side of a reservoir, bulkhead or any vessel, is the same as 
ihat of a heavy hwdy falling freely from a height equal to the distance 
1^ between the middle of the aperture or hole to the suiface of water 
f below. 



PROTECTION OF DAMS FROM MUSKRATS. 

An experienced mill owner says : " I have lately seen it stated that 
the yearly damage by muskrats on the Erie Canal is not less $50,000. 
In the Southern States there are several kinds of borers, and it is said 
that most of the breaks in the levees of the Mississippi river are caused 
by their depredations. The muskrat always begins his burrow under 
water, going in horizontally — sometimes nearly through an embank- 
ment — ^then working up above the water level, and there making 
numerous passages and apartments which are occupied sometimes by 
a community of thirty or more. If, in boring into a bank, they meet 
a wall that they cannot penetrate, they seldom dig fax dc^^xiL^^T^^ \i^ 
get beneath i1^ and never, I think, more t\iaii ten ot ^^^ti vclO^^^^ 
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hclow the water at the bottom of the pond. They prefe 
earth, but if such is not to be found, they will penetr 
trravel, and even cut their way through plank. Now all 
for a perfect protection against them is a thin wall, beg 
below the water, and carried up with the embanltmen 
water iH expected ever to rise. The wall may be made 
stones set edgewise with cement mortar; or preferab 
made of cement and gravel ; need not be but 2 inchc 
more than 3 or 4 cents per superficial foot It will stril 
at first thought that a 2-inch wall would be too frail to 
but I know from an experience of six years that it is no 
protection against vermin, but will also prevent the jn 
from pressure. If made of good materials, it becomes i 
nearly as hard and strong as stone, and will resist co 
sure. An embankment so protected was overflowed ani 
away by the breaking of a dam above, and when the fl 
part of the wall was Icfl standing 4 feet higher than the | 
side of it Puddling is frequently resorted to, to prev 
tion of water through gravel, but is not as effectual for 
concrete wall, and no protection whatever against mas 
wall, I use 1 part Uosendale cement to 5 of gravel, 
cement will make 150 to 200 feet of wall ; and three 
from 200 to 3u0 feet in a day. The gravel should be a 
and coarse, with no stones larger than two inches d 
Portland cement, 14 parts of gravel make good work, 
somewhat cheaper than Roscndale. Afler various expei 
that I have hit upon the best mode of forming the 
mould, made of 2 sheets of iron, each 4 to 5 feet long 
wide, the other 18 inches. Each is bent its whole le 
from the opposite edge, at an angle of say 25 de^e 
placed side by side, 2 inches apart, the top edges will £ 
to make it convenient to fill the mould with a sliov< 
inches square and 12 inches long fills the space at the 
the mould, and should have a hole bored obliquely throi 
a brace 3 feet long, so that when the opposite end resti 
the block will be kept in a perpendicular position. Noi 
1 foot high with concrete, ramming it down with a be 
^nch hardwood board, and at the same time fill with es 
height on the outsides; then draw each sheet in end nc 
ana proceed as before. Each sheet should have a ha: 
end, near the upper corner, made of 5-16 wire, with a 
to one of them, to connect with the other, to keep the 
block." 

Another mill owner s plan : Dig a channel sufficiei 
beyond all possibility of the muskrats ^oing below it, 
chips from tne tin shop, in connection with gravel. 

Another: Coat the dam with gravel, letting the grav 
the water, and leaving it about 12 inck^^ \.\i\ck ^\q\x\^\}s 
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To which an Illinois miller adds : The best method to protect a dam 
Against the attacks of muskrats is to gravel the same to the water side. 
Sand and pebble stones, banks of which are found in the bed of almost 
every stream, is the best. Repeat this until the water ceases to wash 
it down, when it will stay permanently. This will also save the trouble 
of cutting loose the ice in spring. Sand is getting warm quicker than 
clay, and the dam is in such shape that ice will peel off without harm. 
Embankments which are made of alternate layers of clay and stone, 
or of clay and stone mixed, are also safe. Any break in a dam 
repaired while water is running through is unsafe, and will break again, 
even without the aid of muskrats. To keep the water out, cut willows, 
tie the same in bundles of sufficient length, and spike them down in 
front of the break, one on top of the other. If the break is very large, 
put them in V shape, and with the aid of manure, tan bark or sand, 
you soon will have it dry. If the bottom is soft, throw in stones, ram 
down with a wooden rammer, and keep on filling with stones and 
ground, ramming well where it joins the sides, and this part is secure 
against water and muskrats. 



VELOCITY OF FLOWING WATEB. 

The mean or average velocity of a flowing stream is found by scien- 
tific experiments to be from .81 to .83 of the maximum velocity, or 
that in the line of the current. At half depth of the stream the velocity 
is .915, and at the bottom .83, of that at the surface. The average 
depth of flowing water is found by setting off the breadth of the stream 
into any convenient number of divisions, ascertaining the depth of 
each, and adding these depths together; their sum being then divided 
by the number of divisions of the stream, the quotient will be the 
•average depth. The area of the stream is obtained by multiplying the 
mean depth by the breadth. To obtain the volume of flowing water, 
nmlciply the area of the stream by the velocity of the flow in feet ; the 
product will be the volume in cubic feet. The velocity of water in a 
canal should be proportioned to the character of the bed. To prevent 
the deposit of slime and growth of grass, a velocity of about 8 inch^ 
per second is requisite, and the mean velocity, over a slimy bed, should 
not exceed this limit. Over common clay it should not be more than 
6 inches per second ; over sand or small gravel, 1 foot ; and on shingle 
OP stony bottom it may range from 3 to 6 feet per second. 



A MINER'S INCH. 

A miner^s inch of water is a quantity that will flow through an inch 
aperture with a free discharge and under a constant pressure of 6 inches 
tktioye iJie top^ of the opening. An aperture 12^ by \^\VvvO[v&'^\SL\>Aft.T 
pressnre of 6 inches above the top of the openiTi^wi^ ^\^Odl«c^^\^^ 
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(lOSTKS'VH OK CISTEHNS AND TANKS. 

'I'liM followiiiif Ublo f^ivffH tho number of barrels (31) 
v\uU*ntn or ttiiilcN from ft d. to.>^0 fl. in diameter, and from 
111 ili«ptli. For tfiiilcH of talH^c'^nK form, the diameter should 



TABLE roK BUALL 



a distance from the itxae end ec[nal to 4rI0th3 of the total depth ; for 
ample, if the depth of & tapenag tank is 15 feet, the diameter is 
ina bj meaBviriog at a point 6 feet from the large end : 
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TABLE FOR SMALL CISTERNS. 
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WEm DAM FOR MEASUREMENT OF WATER. 

In the engraving and table accompanying this article are shown the 
method of ascertaining, approximately, the quantity of water flowing 
in a stream — an important matter in estimating the amount of power 
which can be derived from it. The plate represents a weir dam across 
a small stream. Where it is convenient to use a single board, as 
is shown in the cut, select one that is long enough to reach across the 
stream, resting in the bank at each end. Cut a not<;h in the board 
sufficient in depth to pass all the water to be measured, and not more 
than two-thirds of the width of the stream in length. The bottom of 
notch B in the board A should be beveled on the down-stream side; 
the ends of the notch should also be beveled on the same side, and 
within one-eighth of an inch of the upper side of the board, leaving the 
edge almost sharp. E is a stake driven in the bottom of stream sever- 
al feet above the board or dam, and should be driven down to the level 
of notch B, this level being easily found as the water is beginning to 
spill over tlie board. After the water has come to a stand and reacned 
its greatest depth, a careful measurement can be made of the depth of 
water over the top of stake E, as illustrated in the cut by the man with 
square and measure in his hand. Such measurement gives the true 
depth of water passing over the notch, since, if measured directly on 
the notch or the board, the curvature of the water in passing wonfd re- 
duce the depth, giving the improper measure. Although, where accu- 
racy is not required, such a method will give a fair estimate of tiie 
quantity of water, in all casos it is host to make the measurement over 
the stake. The line D is a level from the bottom of notch B to the 
top of stake E ; while the dotted line G represents the top of the water, 
and the distance between the lines or from the top of stake, gives the 
true depth or spill over the weir. The lines have, in the cut, the ap- 
pearance of running over the top of the board ; but this is owing to 
the fact that they pass behind it, and, for the purpose of illustration, 
the reader is supposed to look through the board and the post. The 
surface of the water below the board should not be nearer the notch B 
than ten inches, that the flow of water over the notch may not be im- 
peded. Neither should the nature qf the channel above the board be 
such as to force or hurry the water to the board, but it should be of 
ample width and depth to allow the water to approach the notch and 
board steadily and quietly. If the water passes the channel rapidly it 
will be forcea over the notch, and a larger quantity will pass than if ■ 
allowed to spill from a large hody moving slowly. 

When the depth of water over the stake E is known, the quanti^ of 
water passing can be easily calculated by reference to the Weir Table 
on page 166. This table gives the number of cubic feet of water passing 
per minute over a weir for each inch in breadth, from one-sixteenth of 
an inch in depth to twenty-five inches depth. The figures 1, 2, 3, etc., 
in the first and last perpendicular columns, are the inches depth of 
water over weir, while the first or top horizontal column repxeeenti 
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tional paria of an inch, from one-si steenth ia aixteen-sixteentlis. 
body of table shows the cubic feet and decimal parts of a cubic 
that will pass each minute for each depth of weir, from one-six- 
ith to twenty-live inches, as before stated. But each result is for 
one inch in width ; so, for anr particular number of inches breadth 
reir the result obtained in table must be multiplied" by the number 
aches of breadth the weir may be. For example, suppose the notch 
■eir be 20 inches wide, and the water at stake E 5^ inches deep ; in 
Gfst or last colamn find the figure 6, follow the horizontal column 
I the pentendicular column is reached containing i at the top- In 
■qnare where these two columns meet vill be found 5.18 (five and 
teen handredths) cabic feet. This is the quantity of water that 
pASS for each inch in width; but, since the supposed weir was 20 
MM wide, this result must be multiplied by 20, which gives 103.60 
i bundred and three and ai.t-l.enlbs) cubic foet per minute. In this 
iner the water passing any width of weir, of any depth from one- 
eealh. of an inch to twenty-five inches depth, can be easily calcu- 



OF SPOUTING VELOCITY AND DISCHARGE OP 
WATER FOR GATE ORIFICES. 
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, Head in inches. E. SpoutiuE velocity in inches and decimals. 

Cubic feet discliarRed per minute for each square inch of orifice. 

f course this method is not so accurate as the weir measurement, 

ia matiy cases it answers the purpose quit« as well. 

be quantities of water discharged in equal timea by the same nper- 

■ under ditTerent heads are nearly as the square roots of the corre- 

iding heads, the heads being measured aDove the apertures. 

he quantities of water discharged in the same time throuph differ- 

lized apertures, under different heads, iirc tn one another In the 

■onnd rfttio of the areas of the apertures, and of the square roots of 

Liigtit* of heads above the centers of the apertures. 
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SPEED OF WOOD-WORKING MACHIXERT. 

IFint ft PryifaiL) 

Ve!oc::T of C:rc-'.*r .>*w as penpherr. 10,000 to 11,000 jMr « 
Band Sav for ^cn[>il vork. 3,000 feet on Btuff: 
:=c h :h:ck. and 3.500 feet on stniTfrom 2 to 10 
Gat.£ Savf^ 20 inch stroke. 185 to 200 strokes ] 
Scro'.I Sawj^ from o to 6 inch stroke, 400 and 
per ni'.nute. 
Travel i.f Plan: Hii Machines, according to diameter of cnl 
4i inch diameter 4.500 feet, and Cutter Heads 
■l.i»(»0 feel per minute. 
Speed ff Wood Carving Machine Cattera, 7.000 to 10,000 1 
according to large or small mafehine& 
Machine Augers. 1} inch diameter, 800 per min 
wood : one^third less for hard wood, and smalle 
Aucers in prxiponion. 
Reslitting or Resawing Band Saws shall ran at periphery o 

pi-r minute. 
Log Cutting Rand Saw shall nin at a periphery of 5.500 feet ] 
Oak rf<|uiref* alK»ut half niiin* ptiw^r than pine, and otherwo 

portii>n. 
Belt 1 inch wide, which travels 750 feet, is considered one h 





TO JOIN THE ENDS OF BAND SAWS. 

File the ends of the hand on opposite sides, to form t^ 
shaped ends, having a lap of say f inch long, which when 
their beveled and filed sides together shall form a good jo 
same thickness as blade. Now clamp the ends on a piece 
with the back of the blade toward you, with the lap broag 
eether, and see that the back of the blade is straight Cut 

silver solder," large enough to cover the lap, lay it betwe< 

WA«1 irvf\i^tf\v\ wif-n n Itfflik will v^ct.^ •vfk/l rwkiiMi'v ^ 4%«ir !««'»-(..«» 



MANAGEMENT OF BELTS. 1^ 

ADVICE IN THE SELECTION AND USE OF FILES. 

^Iwajs use a new file with a light pressure on the work till the needle- 
e points of the teeth are worn away. After this, a heavier pressure 
J De nsed with much less dancer of breaking off the teeth at their 
le. Many new files are violently diminished half their efficiency by 
ew careless strokes when first applied to the work. Do not use a new 
t on the chilled or gritty skin of castings ; or on a weld where borax 
similar fluxes have been employed — no file can endure such usage. 
Svexy filer should be required to keep a worn file with which first to 
Bck the roueh, gntty, or oxydized surface of iron work, and thereby 
re the war for more efficient work with his sharp files. A piece of 
tXj or chilled casting that would rapidly destroy the cutting qualities 
a new file would produce scarcely any damaging effect to a worn one. 
In filing steel, better results can generally be obtained by using files 
a mde not coarser than "2d Cut," finer grades bein^ employed 
Mraing to the finish and delicacy of the work under manipulation. 
Persons using files should always seek to discover the fitness or 
Jiptability of cut and form of files speciallv suited to their work. No 
e should expect the best results from a file on brass or spelter which 
8 intended for use on iron and steel. 

Oonsumers of files should see that they are furnished by the dealer or 
inufacturer with the full-weight article. This is always important, 
d especially in case re-cutting is desired. A full-weignt file can be 
cut two or three times, while a light-weight will scarcely bear one 
cut, and give satisfaction. 

The following table gives the proportionate lengths and diameters of 
indard round and square files : 

Diameter (parts of inch). ^ 3-16 }i H % Vz }i Ji i 

Length in Inches 3 & 4 6 8 10 za 14 16 z8 ao 



MANAGEMENT OF BELTS. 



A leather belt, in order to run steadily and with the best effect, should 
»Te but one laced joint ; and in making this joint the two ends should 
cut at right angles with the sides. The holes will have less tenden- 
to diminish the strength of the belt in the cross-section if they are 
t with an oval punch. The laces should not be crossed on the inside, 
id care must be taken to put them in evenly and of equal strength at 
B two edges of the belt. 

[n case rivets are employed, the heads should be let in on the inside 
r&ce of the belt so as to leave no obstructing points to come in con- 
A with the pulley, the washers being placed on the outer surface, 
ixed ends used in connecting beveled and lapped ends should also 
carefully confined within the surface on the inside of the belt, as 
yy will work mischief by wearing if allowed to project 
the more nearly an equal thickness and perfect straightness are se- 
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: -' ■: L* r: -- :i . • : ; - ". ' i . :i ■- : : : :■:..? .- iir r: ".". lien muldi 
■-_» ■ T ^; * ;*•". Hi. _■ ■ i:.'i- "-rr'H. ; T ▼"... r»f *3if r.'z.mii'er of « 
- -1* r: - 7: i l* --.:--".• ■: -r — .*. :r.f t-frLrf- dliz:e:^r must 
-.»-^c .:' :if r: .. = : • :■- "■ * " ' ' - -- - '-^ zr^:'d:z,&\ pans of 



hKLTINO KVL£S iJO CAlCVlAlIOXS.— ^aaiiVfoii.) 
li'.rhh-yj-Kt-^z ',: a V.!: f-:;-^'^ vr": :!:t ii. iVe: j-er minute, muhipl 

Or:«: in oh *;:.;:> r^!". ::::v:r.j a: I.''» :"vr: frrr niiniiie. equals 1 hoi 

U'fiitAo V-ItA a':y<».: T'Vj rW: per n:::iu:f-. j»er i inch width, eqiiaL 

J'or douMr; U:li-; of jrrfrat length, over :ar^e puiievs. allow about < 
f'r'rt pr;r rninut'; ptT 1 irif;h of width pf-r liorse-power. 

l'ow<:r hhouM ]iti com in nil ica tod through the lowerrunning side c 
l»«?lt; iht', utf]ffr Kirlu to carry the slack. 

AvdHp^f; hn'ukirif^ wf'ijjrht of a belt, 3-16 multiplied bj 1 inch n 

ftt'HiUt'i, f,:jO ]1»H.: rj-ply riiblKT, 600 lbs. 

'I'lii* utri-riuMi of u bult iricroasi'fl directly as its width. The co^ 
rii'iil, of Miififtv for n liicerl b*?lt in — for Leather, 1-16 breaking weig 
I'M liiibber, | brirukiiiK wcij^hL. 



DiBPOBtnosB OP TBI qvAKtwvtwiSft belt. ITI 

FASTENING RUBBER BELTS. 
In tlie tMompanjing iketch is Bhown b method of joining mbber 
belts which h&s been found bj experience to be practica! and reliable. 




Draw the ends of the belt Hoasto meet at &. Tbcnwitb copper ri 

pat on the piece B, of the same material, as shown in sketct Smell 
baiTs or washers mnat he nsed on the rivet side, otherwise the rireta will 
tear ont C, ahowa the plain aide of the beltand arrangement ofrivet*. 



DISPOSITIONS OP THE QUARTER-TWIST BELT. 



Wben two ahafta are at or nearlj at right anzles with each other, and 
not in the same plane (Fig. 1), and it ia desired to drive one from the 
other hj two pulleyB only and a connecting belt, experience has proved 
'■ ■ e neceaaary. Tn the first plac "■- ■"■"' 



that certain conditi 



the width of the belt. The pnTlevB A and B ahonld be so placed that 
the belt will lead from the face of one to the centre of tlie &ca of the 
other, that it, lo that aplaat patting through the centre of the faee 




Pig. 1. 



DUFOBinOH* o 



Tsc QvianfrTwin bilt. 



of <me •pwlUy will he tangent to that part of the fate of the oihtr 
from vhieh the belt u running. 
TlieBiboTe diagram giveBtiiepoBition and proper proportioaB referred tc 



the face than ia o; 

ihould be of nearly Bi, ... _. _. 
About 2S per cent of belt contact is lost when the belt nukes a 
qusrter-tam, even when the pnlleji are of the same use. We hkTe 
noticed in the performance of a J«afA«r belt that tlie fiist SO'af Ittp on 
the pulley fit cloBcly at ia the ordinary straight belt HTMtfnmeiit; bnt 
in the second 90° about half the width of the belt i* forced ftOB cod- 
' h the pulley by the atiain in the substance of die htUt, due 



Withabeltperfectlyelastic the same amount of contact, if not more, c«n 
be obtained, aavrith the open belt, since the belt would adhere to the &ce 
of the pnlley np to the line of departure the same in one case aa in the 



for driving a 54 incb circuliir saw, the periphery of which travels at the 
rate of 8,400 feet per minute, and the mandrel lying at right angles to 
the driving-ahaft. 

" On the mandrel is a 12-inch pulley, and on the driving-shaft, which 
runa horizontally 8 feet above, is a wooden drum 24 inches diameter, 
8J feet long, upon wliich the belt^a lO-inch heavy single leather, tr&r- 




tiaeoBmoKB or 'jhi <)Vabte»twibt belt. 
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eling 1,800 feet per minuM— traveraea back and forth, followingthe re- 
ciprocating moTemoDt of the saw mandrel, Tlie forward movement 
of the saw when catting is at the rate of 60 feet per minate, And the 
return movement 120 Jeet per minute. 

" From fiome cause (centrifugal force, ^rhapa, or because the belt 
was new, and, therefore, not as pliable aa it irould otherwise have been) 
the centre of the pulley had to be set 8 inches out of the path of the 
vertical line from the peripherj of the drum, (See cut.)" 

In Fig. 3, A is the driving palley on a horizontal shaft; B the driven 
pulley on El mill-flpindle or npriglit shaft; C the tightener or guide 



Rg. 3. 
palley, which is placed at the proper angle for receiving the belt from 
B and delivering it to A. It has a short shaft nmning in bearings se- 
cured to a frame which slides vertically in fixed grooves, and may be 
raised to tighten the belt for driving, or lowered to slacken the belt for 
stopping, B, at pleasure. B. is made wide and straight on the face to 
admit of motion in raising and lowering the stones, as well as to allow 
of lead of belt by the different positions of C, which are due to length 
and tightuMt of belt 

A and C shonld be rounding on their &ceB. The cut shows the prop- 
er povtianB of the pulleys and Bhafls, and also gives good woriiing 
proportioiu, the fwrticulars having been obtained from machinery in 
ase: bat the motion of the belt, as shown, should be reversed. 

The qnartertwist belt, with intermediate gnide pulley, like Fi|^. 3 
and 4, Vill permit of very short distance between the driving and driven 



Rhan*. A cue in practice may^ be cited, in which the dtiviuK pnU^iT U 
40 inches, the driven pallej 18 inchei, and the cnide polley 16 inehei 
in diameter; all of them are 8 inchei face, and the ahaftt an A feet 1 
inches from centre to centre, vertically. 

This distance might be eTen less vitbont iqjnrj to the balL In the 
erection of thii arran^mEnt it was found neeesBaij to Mt tha feea of 
the driven pnllej one inch back of the centre of the fec« of tk« driv- 
ing pallej, and to give the axis of Uie Koidfr-pnlley an inoliBatioa of 
30 to the horiiontal line. 

When the shafts are at right angles, bnt not in the sane plane, the 
' U nmuinc on fbnr poUeyi, u in Fig. 5 : Let E bft tha tbrimmg ehaft, 

with tight polley. A, wd loose 

^^^^^^^^^^^■"^^l pnlley, B, Mid F A* ***■ 
■haft, witb ti^t SbUVi I>. uiI j 
looM pulley. D; dl &• poU^ { 
of eame aii* and vitk nuuM 
Euies, in the omel wiir. 

Let the pnllcA to' wiaafetl 
in a sqnare oa ua i^u whon 
side is the diamtler of pdla;* 
at centra of bee, aaA let an 
endleu belt be pat on, aa shoved 
and ran in dta difseition of tlB-« 
anow. It will be Boiiaed tt».« 
loose pnlleya, C Mid B^ nn i.^ 
opposite direetiou ftos ttat ^c: 
the shafts 'on which A^y ti 
bat since they cHcy tM il 
fold of the belt, they M " -" 
of heavy Btrain on ti-_ _. . 
This is a good plaa fbr * 
belts when Uie ihaAs «e «^ - 
er diatancB spait— Mf 10 tB-^ 
the breadth of the *^" 
solve the sometinu 
problem of eacnini 
able power around a 
a belt There ia no lOM of ooK^ 
tact of the belt on any of tb. ' 
palleya of this system. Mid no Istf^ 
eral straining and tearing of th^ 
fibres of the bell, as in dw nsnsS 
qaarteMwist arrangameiit, in 
which only two pall^pi an uwd. 
The lower shaft mi^ drive the 
npper one, as well, ij changini 
the direction of the moUon, or 
chsnginc the relativv poiitiou 




nSPOSmoMB or TBI ^OAXTER-TWnT BELT. 



Let A be the driving pulle^r on the main abaft, F B ; D and E drlv^.o. 
pulleys on the connters, at right angle to t^e m&VD. ¥\b£A ^.^i^v^Ri^X 
^imH^ each with s loose pnUe^, su that ita fM« mU \>ft o^vwOft "^^ 



176 MiPoaiTion or tbb 4babtbb-twui bbi.t. 

middle of the fkce of A, one to the right and one to the left, over tl 

jwu & belt as shown in the cnts. The belt will run either way in bi 

In Fig. T is illustrated a method of arranging a qnarter-tiriat t 




Fig. I. 
ifliMitkftihafti are at right BDglM, hot not in the same i^ane, the b 
mnning on four pnlle;rR. A is the driving fiullej on a horizontal mi 
line-ahaft ; B is tne driven pnlley on a mUl-flpindle or npright shaft; 
is a tightener on a shaft parallel to the main shaft, with bearings, in 
&ame, which, irith the pulW, can be raised or lowered when reqnii 
to wttxt OT stop the pnlley, B ; D, » a. jaiie v>ft«3 oii «■ ■<«t'as»l (fc 



F THE <)UAKTaBi-TinRT Bl^LT. ITT 

rnnning in fized besringa. The coarse of the belt is indits&ted b; the 
(UTOws. This plan may be resorted to when tie pulley, A, cannot be 
placed on the main shaft directly from B. 

rriie fore(oLn(»iuel«, wilh ihe >even ilLimrations accompanying il.ii uken by p«r. 
million rnmtbetaluabiework Entitled, "A TreatiiE on i>e Ute of Belting rot Ibe 
~ - ■ .- ,et," by Jobn H. Cooper, Meehmieal Enginmr. PubBibedby 

L Huffd linger, Philulclphii.1 



CUstn, RenUED & Huffclli 





Bn,T ASD TiaBTxnt. 



We also give in Out 
two illaatrations showing 
in which a mill-atone mi 
b; A quaxter-tnm belt an 
— Bud the Mme airSiiifri 
be applied to other kint 
inety. In Fig. 1, which 
view or elevation, A in 
driving pnllej on the 
shaft, which is driven i 
the motive power ; B 
pnllej on the mill-stone 
C the alack aide of the 

¥i8aeB over the tighten 
he arrow indicates tt 
in which the belt is mn. 
In Fig. 2, in which 
"down view" of this a 
is given, the same lettt 
the same pullejs as in 
in Fig. 2, C is the tight 
belt, which runs, as she 



1 the e 






Fig. 1. It will beB_„ 
naed with the tightener < 
ley, the quarter-turn bell 
somewhat different arra 
position of the pnllejs 
work from that neoeaaar 
idler ia not employed. 

In Fig. 2 the mill-ston 
ia not shown, but only tl 
by which it is revolved. 



numinssioir or foveb bt wise rope. 179 

TA.BLE OP HORSE POWEB WHICH CAN BE SAFELY TRANS- 
MITTED BYBELTING AT DIFFERENT VELOCITIES. 

[Br SubueI Webber, in Leffel Newi.] 
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t DOUBLE BELTS. 
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TRANSMISSION OF POWER BY WIRE ROPK 
Tbe nse of wire rope in the trsnBmission of power, inatead of lonji 
lines of heavy shaffing, pillow-blocks, couplings, Ac, io cases wliere 
the diBtance between tne motor and the work to be performed is ua- 
BIU1II7 great, has become quite popular within the last few jeara. It 
is recommended, under favorable circum stances, by the comparatively 
small coat at which it can be put up and maintained. The wire ropes, 
(which pass over large sheaves or grooved pnllejs at a very high veloc- 
ity.) are manu&ctnred of iron, steel, or copper, as desired, and always 
with a hemp centre or core to increase the pliability, ^>ye\T -tKCL^ei \\i 







(III ilit/t (J"<*» «f pfop^r dhip* to be driven ii 
llic aMKi*n t)iNt )iu Ilium wi made m to prevent tl 
mil 'I'll" tt'C" >'>'"■ "" ""'■'' * *"»*i'*"i wilbont a 
wliMt*v<'r, i«»i»n IlltiniC » "n*" '"''n'l K^f""* ^ i" 

ritiiiiiiiu ■tN'wily frw'" w" *<• '•'"' y**^ *''«"' * » 

uliiiil Hi trifllna i-itVi'nM>. . , ., 

AiUic INiiiiL wl»» l'»ll'>i>l IweomMtoo Ioiik, d 



HORSk-I^WER OF EKOIKES. 181 

lie transmitting medium, and maybe employed even miles in length 
en, however, the distance materially exceeds 350 or 400 feet, inter- 
iiate stations should be erected, mounted bv double grooved wheels, 
kihat means dividing a long, continuous, and heavy rope into two or 
re short endless ropes, extending from one station to another. The 
aons should be of nearly equal distance apart, but not so near one 
ftther as to prevent the proper tension of rope. Single pulleys are, 
vever, now much used for the intermediate stations^ and we believe to 
^ advantage, there being but one endless rope m the whole dis- 
ice. The cuts illustrate the double-grooved pulleys or wheeli^ 
innted on solid masonry; a cheaper design of iron or wood may be 
^. Special care should be observed in getting the axles and joumal- 
Kes well adjusted, and in having a solid foundation reaching below 
Btwhen the loss of power from friction of journal and air, with the 
Qicune of rope also, need not exceed 12 per cent per mile, while the 
it wifl fall below 7 -per cent of the exx>ense of shafting. Whenever 
^ distance is less than 80 feet, it becomes necessary to stretch the 
^ very tight, as the sag cannot be depended upon for the required 
L«imt of tension ; in such cases the rox>e should be one or two sizes 
ger, and the maximum velocity maintained. Should the distance 
deed 450 feet, with no opportunity for an intermediate station, the 
fes in this case should also be one size larger than would otherwise 
required. In such cases it is also advisable to take up the slack or 
etch at the end of two or three months ; although tiie stretch is com- 
^tively little, it is well to have them ftill tight at first, when, after 
be running, they will adjust themselves to the necessary tension. 
^en it can be so arranged, it is advisable to have the upper side of 
M tiie follower or slacknside, and the lower the tight or pulling side. 
Btmctions may thus be often avoided, besides affording the rope 
xe surface on the groove; but the upper rope should under no cir- 
ustance be allowed to become so slack as to swing upon the lower 
le. The possibility of such occurrence would be increased by the 
>ption of small wheels, but should, with ordinary care and watching, 
e little or no difficulty. As to the size of grooved wheels, where 
re should a choice occur between a small wheel of high velocity 
1 a large one with a slower speed, the larger one should be preferred, 
ce it both further separates the rope and diminishes the loss of 
ver arising from the more abrupt curvature of the small wheel 



HORSE-POWER OF ENGINES. 



!o find the horse-power of an engine, multiply the area of the piston 
iqnare inches by the average pressig:6 on uie piston in pounos per 
h; multiply this product by the number of feet of piston travel per 
olution, and the product thus obtained by the number of revolutions 
minute ; divide the last product by 33,000, and the q]aLOti^\\l^\l \^ 
horse-power. 



«p<iS9 or 3Kra9 a51> vcllkts. 



ZiL-^T-.j — T • -i-i'i :j-* 2cr?e^w*r of an enidne with cyl 
3cae:$ L.i:^T'-r 1*> nwi <svice. Il!0 reTolnuona per m: 
*-'rxr* ^cr-wiir^ ;: 4i» pc-iati* IS inches diameter gives pifl 
101 44;uir- T.:.T^* iV.V**} e;-i;C* :?.»>40: this bj Sf ft. (40 
-.3U[ A ii--; :;•* rr- if *;i:i:3 ^.H'O : tha br 120 equab 3,216 
iL-r,cei :f Jc. '•'•* r."w -*' 4^*-* -'p about ST horse-power. 








rzzT' ■: F shjlfting axd size of pullei 

:.:< 5r«*^*i :: & «x'a3.»r«haA. if the revolutions c 
«2a^ &z i *.:i j: rcl".-e7>» ±r- fives : — Moltiplj the revolut 
TLAia iia.:^ cy :!:* Lizi-fcer is :302<s of the pollev, and di^ 
c. *=!<:«!? \z :'.:i;v* c: lie pcUev on the conncershaift, the quo 
th.< r -zi :<: re: ri • ;: . ir. ; - «. 

countershaft, wil 
per min 





To f.".i -.lie *-.;e o:* a Fii'Uj re^-iired. if the number of 
ana *■.:* ot' pc'/.tj en :*::e ::ia::i <":iAft are ^ven: — Multiply! 
in incic* o:* dr.v-.-i p~'.'ev br I'ne revolutions of the main 
divide bv :b.e sr^Hvi re^-ired. :ie quotient will be the diame 
es of the pu'.'ev.^ 

ExjLXFLC : — ^VV"ba: wi'/. ':v :iie diameier of a puller to mal 
sha:\ turn -k'O revolu::.-us ^vr minute, driven by a 30 inch 
revolutions jvr n::r.:::e ? ISO x Lh) divided by 4o0 equals 12 

To tind tHe s:..o or" a pu'.lev for a main sliaft if the spec 
and diameter of pu'.'.oy on tue cvvantershaft are given: — i 
diameter in inches of puliey by speed of the countershaft; 
by the revolutions of the main shatL the quotient will be tl 
of the pulley. 

Elx AMPLE : — ^What will be the diameter of a pulley, on a 
making ISO revolutions per minute, to drive a 12 inch puUe 
lutions per minute ? 4oOx 12 divided by ISO equals 30 incb 



SPEED OF DRUMS AND PULLEYS. 

The diameter of the driven beiuj; given, to find its numl 
lutions. 

Multiply the diameter of the driver by number of its 
and divide the product by the diameter of the driven ; tl 
will be the number of revolutions of the driven. 

The diameter and revolutions of the driver being given, 
diameter of the driven that shall make any given number 
tioDS in the same time. 

Multiply the diameter of the driver by its number of revc 
divide the product by the number of revolutions of the c 
quotient will be its diameter. 



WHEEL GEARIKG. 183 

To ascertain the size of the driyer. 

Multiply the diameter of the driven by the nnmber of revolutions 
you Irish to make, and divide the product bv the revolutions of the 
driver; the quotient will be the diameter of the driver. 

In ordering Pulleys, always give the exact size of the shaft on which 
they are to go, and state how you wish them finished on the face * Flat 
ikce for shifting belt. Bounding for non-shifting belt 



WHEEL GEARING. 

TERMS USED, PROPORTIONS AND RULES FOR CALCULATION. 
DEFINITION OP TERMS. — {HCUtVeU,) 

The pitch line of a wheel is the circle upon which the pitch is 
measured, and it is the circumference by which the diameter, or the 
velocity of the wheel, is measured. 

The JPitch is the arc of the circle of the pitch line, and is determined 
by the number of the teeth in the wheel. 

The True Pitch (Chordial), or that by which the dimensions of the 

tooth of a wheel are alone determined, is a straight line drawn from 

the centres of two contiguous teeth upon the pitch line. 

The Line of Centres is the line between the centres of two wheels. 

The Radius of a wheel is the semi-diameter running to the x>eriphery 

o£ a tooth. 

The Pitch Radius is the semi-diameter running to the pitch line. 
A Mortise Wheel, is a wheel constructed for tne reception of teeth 
or cogs, which are fitted into recesses or sockets upon the face of the 
"^vlieer 

A wheel which impels another is termed the Spur, Driver or Leader; 
tii^e one impelled is the Pinion, Driven, or Follower. 

A series of wheels in connection with each other is termed a Train. 
W hen two wheels act upon one another, the greater is termed the 
Vv^heel, and the lesser the Pinion. 

^ When a pinion is driven by a wheel, the number of teeth in the 
^i. nion should not be less than ei^ht. 

When a wheel is driven by a pinion, the number of teeth in a pinion 
sli.oald not be less than ten. 

The number of teeth in the wheel should not be divisible by the 
^^vimber of teeth in the pinion without a remainder. This is in order 
^o prevent the same teeth coming together so often as to cause an ir- 
'^egular wear of their faces. 



PROPORTION OF TEETH OF WREELS.-^iMolesworth). 

^rom pitch line to top of tooth. . . .equals the Pitch multiplied by 0.33 

Total depth of teeth equals the Pitch multiplied by 0.75 

Thickness of tooth on pitch line . . .equals the P\\ft\i m\j\^Cv^\^^'^l ^.^^ 



184 RT7LE8 Of CALCtTLATtOK. 

Space between teeth on pitch line . .equals the Pitch mnltiplied by 0^ ^ 

Thickness of rim of wheel equals the Pitch multiplied by 0. ^^ 

Thickness of anns if flat equals the Pitch multiplied by 0- ^^ 

Ordinary width of teeth in small pitches " 

equals the Pitch multiplied by 2. 

Ordinary width of teeth in large pitches '"* 

equals the Pitch multiplied by 3. ^^ 

Thickness round centre equals the Pitch multiplied by 1. ^^ . 

Mortise wheels to be wider than iron wheels by twice the thickness ^^^ 
the rim, or by pitch x 0.9; their rim to be double the thickness of th-^*^ 
of iron wheels. 



RULES OF CALCULATION— (^a«i(7eW.) 

TO COMPUTE THE NTTMBER OF TEETH OF A WHEEL FOB A GIYBN DIAHBTl 

AND PITCH. 

Rule. — ^Divide the diameter by the pitch, and opposite to the qu« 
tient in the table on page 185 is given the number of teeth. 

TO COMPUTE THE NUMBER OF TEETH IN A PINION OR FOLLOWER TO HAT^^^ 

A GIVEN VELOCITY. 

Rule. — Multiply the velocity of the driver by its number of teetl:^-* 
and divide the product by the velocity of the driven. 

Example. — The velocity of a driver is 16 revolutions, the number c^* 
its teeth 64, and the velocity of the pinion is 48 ; what is the numb^^ 
of its teeth? 

16 multiplied by 54 and the product divided by 48 equals 18 teeth. 

2. A wheel having 75 teeth is makine 16 revolutions per minuter » 
what is the number of teeth required in the pinion to make 24 revolv:*^^ 
tions in the same time ? 

16 multiplied by 75 and the product divided by 24 equals 50 teeth. 

TO COMPUTE THE DIAMETER OF A WHEEL FOR A GIVEN PITCH AND KUMBB^ 

OF TEETH. 

Rule. — Multiply the diameter in the table on page 186 for the nmr*" 
ber of teeth by the pitch, and the product will give the diameter at tls-^ 
pitch circle. ^ 

Example. — ^What is the diameter of a wheel to contain 48 teeth c:^* 
2.5 ins. pitch? 

16.29 multiplied by 2.5 equals 38.225 ins. 

TO COMPUTE THE PITCH OF A WHEEL FOR A GIVEN DIAMETER AND NUMBB 

OF TEETH. 

Rule. — ^Divide the diameter of the wheel by the diameter in tl»-^ 
table on page 185 for the number of teeth, and the quotient will gi^^ 
thepitch. 

Ikeample. — ^What is the pitch of a wheel when the diameter of it 
50.94 inches, and the number of its teeth 80 ? 

50.94 divided by 25.47 equals 2 inches. 



PITCH OF WHEELS.— flmwea:) 
ring the diameter of a Wheel for a Kiven Fitch, or • Htck ibr « 
given Diameter. 
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40.75 


5.7e 


55 


17,53 


92 


29.29 


129 


41.07 


6.87 


66 


17.8 


93 


29.61 


130 


41.38 


6.39 


57 


18.15 


94 


29,93 


131 


41.7 


6.71 


58 


18,47 


95 


30.24 


132 


42.03 


7.03 


59 


18.79 




30.56 


133 


42.35 


7.34 


60 


19.11 


97 


30,88 


131 


42,66 


7.66 


61 


19.42 


98 


31,2 


135 


42.98 


7,98 


62 


19,14 




31.53 


136 


43.29 


8.3 


63 


20.06 


100 


31.84 


137 


43.61 


8.61 


64 


20.38 


101 


32.15 


138 


43.93 


8.93 


65 


20,7 


102 


32.47 


139 


44.25 


9.25 


66 


21.02 


103 


32.79 


140 


44.57 


9,57 


67 


21.33 


104 


33.11 


141 


44.88 




68 


21,65 


105 


33,43 


142 


45.2 


10,2 


69 


21.97 


106 


33.74 


143 


45.53 


10,52 


70 


22.29 


107 


34.06 


144 


45.84 


10.84 


71 


22.61 


108 


34.38 


145 


46.16 


11,16 


72 


22.92 


109 


31,7 


146 


46.48 


11,47 


73 


23.24 


no 


35.02 


147 


46.79 


11.79 


74 


23.56 


111 


35.34 


148 


47.11 


12.11 


75 


33.88 


113 


35.65 


149 


47.43 


12.43 


76 


24.2 


113 


35,97 


150 


47.75 


12.74 


77 


24.52 


114 


36.29 


151 


48.07 


13.06 


78 


2483 


115 


36.61 


152 


48.39 


13,38 


79 


25,15 




36.93 


153 


48,7 


13.7 


80 


25.47 


117 


37.25 


154 


49.02 


1402 


?1 


25.79 


118 


31 ,56 


\5i^ 


^^^ 



''«— rJiepitoh in this tabla is tlw Irue pitch, M\>«iattt ^KUsiiM^ 



TEETH OF WHEELS— CA8T-ntON.—(*"ofa»i«>or(A.) 





Pilch t.fT«.h in Inch... 


A 


H.'p. 


H. P. 


H. P. 


H. P. 


H.'p. 


»14 


H. P. 


H. P. 


H, P. 


X 
H 
H 

*• 




067 

A7 

66 

3- 


.01s 
■••3 

■>4 

.36 

<.£ 

1.1 


.»; 
■094 

.M 

.rf 

.S6 
.6j 
.75 

■a* 

'.3 

1-9 

a.6 
>.S 
3-3 


.67 

-54 
.6; 

'94 
3' 


.'3» 
.366 

.91 
i.i<8 

6-4 


/>6 

.48 

.96 
'-* 

3.8 

6.J 

M 
9.6 


■7S 

6-7 
■3." 


"-7 
6.4 

.8.9 


■9<i 
i.l 
4-I 

6-T 

r-« 
«.« 

'1-4 

.fi.9 

33.6 

33,4 


I-S 

& 
9. 

30. 
36. 

s«.s 

So. 



3r Cfttt iron aquiili i 
Brui 
HudVIood ' 



Biutinwa OF JocsVAU or rresv xotrbs. 18T 

DIAMETEBS OP JOUHNALS OF "FIBST MOVERS." 
.j^^e following table, derived from the experimenU of Hr. Robert 
"^haoan, gives the required diameter of journals of driving shafts or 
^ ant movers," for-a nnge of 4 to 60 horse power and 10 to 106 nvo- 
■vtioDi per minute : 

-^ Number of RcToluIioni pet Uinnu. 



f 

1 


*.6 *.5 4- 

S.i 5. *-6 
5-S 5-= 4,g 

e.! 6-3 i.B 

7-6 ?.' 6.6 

B.I 7.7 7.1 

B.J 8. 7.4 

9.8 8.9 8.4 
=»-S 9 3 ».a 

ti.6 9.7 9' 

>. 10.810. 


4-* 
4.6 

;■_ 

6.1 
9- 


4.8 

S.6 
5.8 

6.4 


4.7 

S.4 
S.6 

6.9 

e. 

B.C 


3-» 

4.6 
J. 

5.6 

6.9 

7.8 
S. 

S.3 


3-7 3.6 
3-9 3'? 

5. 4.7 

5 « 5.4 
S.9 i-fi 

5.5 6.3 

6.6 6.S 
6,9 6.7 

7-4 /.J 


3 3^ 
3,6 3.6 

5-S 5-4 

n * ! 

6.6 t* 


9 1.! 

' 3- 

9 3.S 

6 4.5 

7 5.S 

S 6.6 
> 6,9 


r 

4.6 

6.1 4 
S.5 

fi.a 


3 3-3 3." 

6 3i 3.5 

7 3.6 3.6 

9 4-6 4-7 

3 5-! S." 
5 S-4 53 
9 5.7 i.6 

5.9 1-8 

4 6.3 S. 

5 «-3 fi.» 

8 6.7 6.6 


1.6 >,s 

3-4 3.3 

3.J 3.e 

3-5 3.8 
4.= 4.» 

4.6 4.6 

5.6 S-S 

}.; s.6 

5.9 5.8 



TRAMMING A MILLSTONE. 



"fcol" and appearance of the meal wtemiiB nxwvw M*¥™^ '^^01* 
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TABLE or TRAKSMITTnrO CAPACITT Or 8HAFTXN0. 



trammed ; but as there are comparatively few who can do this, the 
following method may be employed to ascertain whether the apindle 
and consequently the runner, is out of tram : Take off the mnner and 
fix a horizontal arm to the spindle head, with a pin or quill proieeCing 
down from it just far enough to mark on the beMtone ; then, when the 
spindle is turned, the pin will show whether it is out of tram and if so, 
in which direction it varies from the perpendicular. To put it in tram, 
the followers in the bush may be adjusted, or the step-box moved ; or 
if an improved mill-bush or adjustable step-box is used, the tramming 
is done by simply turning one or two screws. 



TABLE OF TRANSMITTING CAPACITY OP SHAFTING. 

[By Samuel Webber, in Leffel News.] 

The following table gives the number of horse power which may be 
safelv transmitted by wrought iron shafting, properly supported, at 100 
revolutions per minute : 



First Movers, Carrying 


Second Movers, or Line 


Third Movers, or Short 
Counter Shafts, with Bear- 
ings near PuU«ys. 


Main Pulley or Gear. 


Shafting, 8 Feet Spans. 


Diameter. 


Power. 


Diameter. 


Power. 


""Diameter. 


Power. 


I Inch. 


X H. P. 


X Inch. 


a H. P. 


X Inch. 


3 H. P. 


X.2S " 


X.9S ;; 


iH " 


a.8s " 


X i-x6 " 


3-S9 " 


i.So 


3-37 


'H L 


3.90 


xH " 


4.«7 - 


X.7S " 


536 •• 


xH - 


5.19 " 


13x6 " 


S.00 - 


a ** 
s.as " 


8 

X1.39 •' 


1% " 


6.74 " 
8.58 " 


xJi " 
I 5-x6 •• 


t^ " 


9.S9 " 


15.6a " 


xK " 


xo.7a " 


iH " 


l:J? " 


a.75 " 


ao.8o " 


1% " 


X3,x8 " 


I 7x6 " 


3 " 


»7 


a 


x6 


t}4 


xcsa ** 


3.«S " 
3.50 


34.33 " 
4a.87 " 


1 '. 


aa.78 " 


xo^x6 " 


11.19 " 
xa.«7 " 


3.7s " 


5a.73 " 


2>» " 


a6.79 " 


X ix-x6 " 


14.41 " 
16.07 •* 


4 


64 


9% " 


3ia4 " 


iH " 


4.«s ;; 

4.50 


76.77 " 
91.12 " 




36' 7 " 
4X.60 *' 


I I3-X6 " 

xK " 


X7.86 " 

X9.77 " 
ax.8i " 


4-75 " 


107.X7 *• 


»H ; 


47-53 " 


I x5-x6 " 


5 

S.as " 


19$ " 

XI4.70 " 

x26.37 " 


3 

1 •■ 


609a " 


a " 
ax-x6 " 


14.00 " 
»6.3a «« 


5.50 " 


68.66 " 


aH " 


28.78 •« 


5.75 " 


X90.XX " 


3^ ; 


85.74 " 


a 3-16 " 


3X.40 " 


6 


ax6 


3% " 


9% " 


34.X7 - 






3H " 


95.37 " 


as-x6 " 


37.00 " 
40.si " 


> 




3K " 


XOS.46 " 


aH " 






3K " 


ii6 37 " 


a 7-16 " 


43.44 " 






4 


ia8 


*% " 


46.87 " 



For other velocities, 
divide by 100. 



multiply by the number of revolutions and 



UNEVEN EXPANSION OF MILLSTONES. 

There is no doubt of the expansion of mill burrs under the heat c:^^ 
grinding; and where the burr blocks are not of even temper or hon:^<^^ 
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geneons qoality, one will expand more than another, producing un- 
erenness on tiie fiice of the burr. When this occurs, it may be reme- 
died by stopping the burrs and immediately, before they have time to 
cod, apj^ng the red staff, which will show the high points on the 
stone. These may be dressed off, and when the stone is cold it will be 
found lower at these points than elsewhere ; but when heated by grind- 
ins the different degrees of expansion will bring up these low i>oints, 
BxSi the stone will have, while in operation, a true face, which is the 
essential point in view. 



RULES FOR ASCERTAINING THE LENGTH OF BELTa 
[By W. W. Young, in Lefel News.] 

To find the length of belting required for any two wheels or puUejrs 
whose sizes and mstance apart are known: 

For a straight belt for two pulleys of the same size : Add the cir- 
cumference of one of them to twice the distance 4)etween their centers. 

For a cross belt for two pulleys of the same size : Add the square 
of one of their diameters to the square of the distance between their 
centres, and to twice the square root of this sum add the circumference 
of one of them. 

For a straight belt for pulleys of different sizes : Take the radius of 
the less from that of the greater pulley ; to the square of their differ- 
ence add the square of the distance between their centres ; and to 
twice the square root of this sum, add half the circumference of each. 

For a cross belt for pulleys of different sizes : To half the difference 
between their diameters add that of the less; to the square of this add 
the square of the distance between their centers ; and to twice the 
square root of this sum, add half the circumference of each. 

These rules willgive the exact distance around the pulleys, provided 
ihey art so different in size or so near each other as to cause the 
belt to tu. a more than half the circumference of the larger and less 
than half that of the smaller. In that case a small allowance can be 
made which would still make the rules sufficiently exact for all ordin- 
ary purposes. If a pulley on a horizontal shaft is belted to one on a 
perpendicular shaft, calculate the length of their belt as a straight belt 
tor parallel shafts and then make allowances for the twist and (ustance 
over the idler. 



THE TEETH OF SAWS. 



2^e i^tch of saw-teeth should vary according to the nature of the 

vv^od to be sawed, being greater for soft than for hard wood ; and for 

croos-cutting the teeth should be smaller and more acute, operating 

4^^ knives upon tiie wood, while in the rip^w they should be of larger 

and out more after die manner of a chiaeL A. il^i&ivii, VtkKfd&Rt Sx. 
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be a hand or a yertical mill-saw, shoald plow its way through the wood, 
presenting its teeth like a series of sharp chisels, leaving a groove be- 
nind it of the same width as the tooth and catting or paring the wood 
into regular shavings rather than fine dust The front of tilie tooth 
should slant forward instead of having a direction at right angles with 
the back of the saw ; the difference resulting in the two cases being 
that in the one the chips will be cut out clean and smooth and with the 
least practicable expenditure of power, while in the other the saw will 
simply be jammed through the wood and scrape out its path with a 
wasteful outlay of strength on the part of the operator or of the mo- 
tive power, whatever it may be. Nevertheless, it is declared by the best 
informed writers upon this subject that in the case of the null-saw a 
large maioritv of those in use are of the objectionable pattern above 
describea; while as regards hand-saws, hardly one in ten has any other 
than the bruising, scraping, perpendicular tooth. 

A very common defect m slitting saws is the slendemess of the teeth 
at the points, in consequence of wnich lack of strength they are fbond 
to tremble or chatter, especially when considerable force is applied to 
the sa w. T he difference between the strength of teeth shai)ed like the 
letters YV and those shaped more nearly iSus X-L, will he jwrceired , 
upon a moment's examination, the points in the latter case being well | 
backed and supported, while the Y shaped tooth has comparativelj but 
little firmness. This principle is recognized in the construction of sll 
rip-saws of modern pattern, whether hand or mill, vertical or circular 
saws. 

It is a well-known fact that a plank is much more easily sawed when 
the saw-table is raised so that the saw just goes through me plank than 
when the table is lowered so that the plank meets the saw at or near 
the center of the latter. The cause of this is obvious ; the teeth ^^ 
the former case move lengthwise with the grain, like a knifo wb®^ 
used to whittle a long shaving from a stick ; in the latter case theteetb 
cut the grain nearly at right angles, as when the knife is used to ^'^^ 
square across the stick. ^ 

The points of the teeth of slitting-saws should be slightly bevel®^ 
in order to adapt them to any occasional contact with knots or cro^^ 
grain. If the stuff were known to be perfectly straight grained . *^^ 
teeth might safely be filed square across ; but it is not often that ^^^a 
a certainty exists. The bevel should be greater for hard than for B^^ 
wood. Sufficient space must always be allowed between Uie teeth^ *^ 
admit of the shaving being held and carried through without crowds ^^ 
or choking. 

An important point in filing the teeth of either a straight or cir^^' 
lar saw is that the teeth should all be given exactly the same lengchy .^^ 
that each will do its proper share of the work. The slightest inequal^^ 
in this respect will produce irregularity in Ihe operation of the 8^^' 
one tooth cutting the wood while two or three shorter ones before ^^ 
after it, although thejr may be in perfect order, perform no service. ^S 
a strai^t saw the points should be so accurately in line that they '^^ 
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dl toucb ft gtnight«dged role without ahowing a viuiation of a bun* 
biedtli part of aa inch! It ie tke pointa of the teeth that do the cat- 
ling: and if thej ai« of irregular length ho that the law Jnmpi from 
jnolong tooth to anotiier and akips two or three short ones between, 
til the work bestowed on them ia thrown away, and the power exerted 
an the aaw ia in some measure wasted. 

The kein should not be so narrow aa to pinch the aaw, nor wide 
enongh to allow the blade to rattle when in motion — there being also, 
in the latter case, a waate of power in cutting out more wood tban ia 
aecesMiy. The teeth ahouldoe setjuataufiicieat!; to permit the aaw 
to work freely — all beyond this will do more harm than good. 

tJneTenneaa of the points may be remedied by aecuring a largo flat 
Ble to a block of wood in auch a way that the extreme points only will 
be jointed, and all brought iato the sane precise line or circle, com- 
pelling every tooth to do a part of the catting. The work of aetttDS 
and fiunga aawjnat aa it ehonid be done demands as much akill and 
dexterity aa almost any process in mechanical industrr which c 



named, inaamuch aa a aingle falae thrust with the file may endielj de- 
stroy the working power of a 1^ 



a tooth. 



METHODS OF lATING OFF SAT TEETH. 



The following system of laying off aaw-teeth ii given hj a akilUhl 
worikmaa aa the result of thirtr yean' experience. For ft SO inch saw, 
'tribe a circle A from one-hair to two-thirds of the distance &om the 




le verge. Take a straight edge and lay it at the point of the 
e other realing on the circle before dn,wti, luius^ 'i^ 'Vmn 



Itt ■ETBODB or LAT150 OFF g&W TEETK 

6 C. Gum the loath with & } incli ^mmer, ) inch dc 
the point of the tonth on the line B C ; thii forniH the niider t 
lootD. Now take hoop iron foimed into a aegment of a cinl 
the urne mdiut u the uir, the chord beinji equal to the line 
one end of the nfi^nicnt even with the under edge of the (i 
•roh beinn up) the other end reating on the circle at R Thi 
the Bcenirnt will form the back or top of the tooth, which 
kept like the face of k chiscl.^the corneia being Aill, eo u to 
M & moHiaing chisel. This forniB a sjatem euy to be unden 
which maj be varied to bdjI the timber to be sawed, and still i 
unifonnilT in size and shape of the teeth, which is of giei 
ance. The nearer the circle A ia drawn to the verge of the 
greater will be tlie pilch of the teeth. The point at which thi 
to be drawn, which ia the firBt step in the proceu, would 
bedetermined accordiue to the pitcnwhich it is desired to 
teeth to adapt tht-m to their intended work. 

Another veteran saw-milt operator describeB bis method aa 
The ahape of the teeth in the following cut is the best I hare < 




T«. I Htnke • drele, A- oi»4bnrtli from the centm to the 
then take » P«f M dividan, placo one part on the point of a 
at D, and the otlm part on drcla A. After placing the d 
slide them froin the point D to the throat E of Vie next tootl 
the line DE, which is the proper circle for the tops of the 
■trike Another drole, B, three-fourths from the center to the 
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akhtredge BF from that circle giyes very near the right shape for 
«£nrth of an inch of Uie points of the fronts of the teeth. I pim 
■VI with a grind-stone. I torn it down to three-fourths of an inch 
Lck at the outer edge, and taper it gradually towards the centre. I 
Lad inside of the line BF from circle B to the points of the teeth. 
^ the reason that it can be filed so much quicker. I am not guided 
the line on the front of the teeth altogether. I generally file them 
thin as they will stand and not crumble off at the point I do not 
ring set any. I swage to the gauge on both sides of every tooth, 
^rs dressed in this manner will cut from 3,000 to 4,500 feet of hard 
»od with the bark on and rieht out of the Missouri river, all sand and 
^i, and 5,000 to 6j500 feet orcottonwood with one filing. 



STRAIGHTENING CIRCULAR SAWS. 

Fhe main causes of spring in saws are, undue heating, uneven cool- 
l, inferior steel, improper gumming and swaging, or general incom- 
tency upon the part of the operator. 

Circular sawB are rendered especially inefficient by being warped or 
bed. The warping or kinking consists in local expansion or con- 
ction, and the remedy is the relief of the tension at one part, or the 
Ation of teniion at another. To do this successfully requires rare 
Igment and coiLuderable skill upon the part of the workman. Some 
Ufal straiffhteners have been known to remedy the evil at a single 
ht blow. In no case are the blows delivered to be hard enoueh to 
.ve an indentation or impression upon the saw blade or plate. They 
» made, not irith a view to giving the metal a i)ermanent set, but, as 
fore suggested, to remove or create tension. 

The toou employed for straightening, are, 1, a " doghead *' hammer. 
It is, one having the helve well back from the body of the rounded- 
>ed hammer^eiM; 2, a blocking hammer, adapted to making blows, 

ich, if visible, would resemble the lines shown thus ^ — ~ — "^ 

the saw plate: 3, a straightening block or anvil of iron, with smooth, 
,ght and sli|^tiT rounded face ; and 4, a wooden block for straight- 
ins the finished saw. 

Of course the frehter tension is upon the concave ' side of the 

uie, for it is this tension l^at causes the blade to bend in that direc- 
•n. To relieve this contraction the blade is laid flat upon the anvil, 
Qcave side np, and with the doghead hammer, slow, firm, solid blows 
B struck upon the warped place, the hammer being so manipulated 
it the least possible rebound of the hammer takes place. Such blows 
etch the concave portion and relieve the tension at that point 
To straighten out warps or kinks by blows on the convex ^ — ^ side 
the blade, the blocking hammer is used, the convex side being up- 
rd on the anvil and the operator strikinjg even, steady blows^ at prop- 
Intervals on the surface of the blade. This latter method isusualty 
ployed in taking bends or local kinks out of Viaad. ox iten.Mi!bdtr^»? 



194 HAVotKo, riLnro akd sETmro otscvLAB bawb. 

When a circular saw is dished, or evenly concare, the doehead ham- 
mer must be used at proper intervals Uiroughout the entire concave 
surface of the saw. The saw is finally tested bv bending it, bj sight- 
ing it, or by applying a straight-edge to its surface. A slight tension 
should be left on the outer diameter of eveir circular saw, to allow for 
the expansion which always takes place at that part through the cen- 
trifugal motion of the saw. 

If the saw is badly warped, and the workman is not a skilled mechanic, 
the services of a regular saw mannfieu^turer should be called into 
requisition, as more harm than good may be done \tj nnskillful treat- 
ment of the saw. 



HANGING, FILING AND SETTING CIECULAB aAWS. 

First examine your collars, using a straight edse to see that no fash 
has been raised around the pin-holes, or other oostructions to prevent 
the collars biting upon the outer edge when screwed up. See that the 
mandrel is firm m its boxes, and not too tight to heat in running, or 
has too much lateral motion. Place the saw upon the mandrel, the 
flat side next to the log. When the saw does not run perfectlT true it 
mav be remedied b^ packing thin letter paper between it and the fixed 
collar. When this is accomplished, ac^ust the mandrel so that when 
the front teeth touch the log the back teeth are set off a sufficient dis- 
tance to clear themselves. This "pitch" will ordinarily be scant 1-16 
inch in a 56 to 60 inch saw. Joint or round off your saw^ so that each 
tooth will do its proportion of work. The most expeditious mode ot 
doing this, is to hold a piece of grindstone (placed upon something 
stationary) against the teeth while the saw is running, or by attaching 
a file to the end of a piece of scantling while the saw is turned bacVi^' 
ward, either by hand or power. 



SHARPENING CIRCULAR SAWS. 



The followine method is recommended for sharpening a liitiilf "^ 
saw which has become blunted. The saw being set m motion, a fin. ^ 
cut file is held against the teeth until all are equally leveled. A poin> 
ed tool or steel pen, dipped in ink, is then applied to the saw as it ^ 
volves, a little below the depth of the teeth, making a circle on the u. 
plate. The saw is then taken from the spindle ana either remounted 
or screwed into a bench-vise between two washers of wood, whieli 
should reach within half an inch of the teeth. The teeth are theo 
carefully filed to the line drawn with the tool or i)en. 



THE THEORY AND PRACTICE OF BALANCING A MILLSTONE. 

It should first be remarked that a stone should never be put in bat 
ance under a less speed than is counted working speed when grindinit 






m mtokr ijro mcnoB or BUAXotsa i laLUTOHt IK 

irst thing to be done iB to eet ont two boftrdi, eftck bU or ei^tht 
B wide and } or 1 of an incn thick. Lighter up the runner high 
Eh to ftUow the boaida to be alitipe^ under it, and taaten the 
b, one on euh dde of the ipindle, about half waj ont between 
pindle and the ttiit of the itone. Their poeition i« ihown in the 
■nDg out, ia wluch aie reiveeeiited the nnder Btone A and the 




Fig. 1. 

ds B B, of their proper propordonate length and distance. Fasten 
xiardfl down at both endk to the bnsk flooT. then start the runner 
lighter it down until it bears solid on the boards, go as to steady 
unner and make it mn true with the fiice. Fix np a stout rest 

the back of the runner, from which to turn off the piaster back to 
fl it trae with the face. Preyions to turning off the back, however, 
bllowers in the bnah should be examined and tightened up to hold 
ipindle steady and prevent an; lateral motion that would occur 

loose followers. After the runner has been tiimed off true, the 
da are to be taken ont and the runner started and brought up to 
d. Hold a pencil asainst the rest provided as above mentioned 
oming the back, undl the pencil touches the back of the plaster 
e outer edge of the atone. 

»w stop the stone and see which side the pencil has marked — tie 
ted side beioK the one which runs high. If the greater proportion 
le weight of that aide happens to be below the cock-eye, that fact 
e cause' of the atone running high on that aide. But the weight 

be above the level of the cock-eye on the opposite aide from 
'B the pencil marked ; and should that be the case, it is the cause 
lit side mnning low, as the line of motion is determined by the 
reuce of weight above and below the level of die cock-eye on 
■die aidBB of the stone. 
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Lioe C would b« the line of motion if Uie atone vers in pel 
niiig balance, tliat line being puttltel to the &ce of the nni 
■upposo the atotie to be twentj pound* heftvier »t B thu ■ 
position of the atone would be so changed bj the oentrifhgal 
thii ezcesi of twentj ponnds &t B that line D would npn 
plane of motion, the stone being deprened on one tide and 
on the other, and the face of the ranner wonld be out of lev 
Humc degree as line D. This is an extreme illnMration, as 
would not in any case ahow so much ont of Tanning balance 
D without throwing itself from the cock-head before it conldb 
up to motion ; but we give an exaggerated view of the case ii 
explain the principle more clearly. 

To make a stone run true that is out of balance in the man 
cated in the cut, it ii neceasary to add at B a vei^ht equal to t 
at B — it being suppoaed. meaawbile, that the weight at F is 
that at A. I? it be aapposed, on the other hand, that B a 
equal and the atone out of balance by reason of an ezceaa i 
at A, that excees must be equalized by placing a correspondit 
tttF. 

There are various methods of ascertaining where tlie < 
weight in that causes the stone to mn out of balaace. An a: 

Eenerally determine the point by stopping the atone and tjpp 
earing on it with hia finger around the edge. Where this c 
done, take a piece of hoop iron, put it around the stane, and 
ot lead in behind it at the point where they appear to beneed 
the atone, ascertain if it runs any more correcUy, and contin 
until yon have placed the right amount of weight in the rip 
Cut into the atone where the lead has been placed behind t 
iron, and put in the lead, adding to it the weight of the iron a 
or stone which has been cut out Plaster up the hole and try- 
to determine whether it ia in perfect running balance, as 
prove to be if Uie work has been carefully and accurately doni 
If the Btone is found to be in |ierfect running balance, stop 
nill immediately show whether it is in standing balance, aa 
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;o down. It is easy to ascertain, bj laying weights on the 
until the heavy side comes up level, exactly how much weight 
d to put the stone in standing balance. The question, how- 
rhere is this weight to be placed in order not to affect the 
alance ? To determine this, measure the distance from the 
) cock-^ye to the face of the stone — then measure the same 
ip from tiie &ee on the outside of the stone, reaching the 
cated hj line C on the diagram. Cut into the side and run 
ired amoiint of weight to put the stone in standing balance, 
ht must be equally aivided above and below line C (the level 
;k-eye) or it will disturb the running balance. 
Table practice is necessaiy to enable a workman to put a stone 

balance, but the foregoing directions will be found reliable 
i in the process. The oed-stone must of course be level and 
e in penect tram, in order to do good work. While the back 
ne is being turned off, it is well to put an old cloth or baff in 
> prevent the plaster from getting down round the neck of 
le. It is also desirable that the surface of contact of the 
. and cock-eye should not exceed one-fourth of an inch at 
irder that the stone may balance easily, 
ne Bachman, M. E., in the Mechanical NewSj gives the 

analysis of this method: To examine the conditions 
» balancing, and to trace the effects produced by an unbalanced 

their caase, we refer to the adjoining figure in which R, R, 
i a section of the runner-stone ; B, B, a section of the nether 

or bed-stone ; S, the mill-spindle provided at the upper end 
el-pivot P, upon which the runner-stone is suspended, so as 
)f free oscillation. The distance from the face F, F, of the 
»ne to the pivot P, is found in practice to be from 5 to 8 
cording to the size of the stone. Since the thickness of the 
ne vanes from 12 to 20 inches, this would bring the center of 

the runneivstone below the point of suspension P, a condi- 
able to stability, or in other words, the millstone when dis- 
11 oscillate until equilibrium is restored. It will not be so 
et. In order that the runner-stone may be in " balance," or 
ce between the face F, F, of the runnenstone and the face 
the bed-stone, be equal, when the latter is perfectly horizon- 
leformer freely suspended,, the weight of the portion of the 

one side of a line, A, A, drawn through the point of suspen- 
d perpendicular to the face F"^, F^, must be equal to the 
ding half on the other side of the same line. Should iJiis 
I case, the deficiency is easily made up by cutting a cavity at 
ide, near the circumference and filling it with an amount of 
ient to establish the proper equilibrium. 
les when balanced while at rest, are usually found, when 
lot to retain an equal distance between the faces ; one side 

bear harder on the meal subjected to its action ; consequently 
e in this condition will grina unevenly. It is said to qq out 
ng balance. " 



198 TRc THroKT AHD pminm or BALAmmra a kills 

Frnin the tctj n^tara of the constmction of the Ficm 
(thf kinil niiMl lit prpnrnt mott exclusiyely), being an u 
blocks, called " burr blocks," of vuioua Bitea ftod oa an m 




MU^SIOKES. 



6 incheB thick, the remunder of the body of the miHatone 
up of Bpsirls, alt cemented together with plaster of Paris ■ f 
that the material can not euily ba diatribntftd vsnHi.ii|^ 
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wwght To illustrate — conceiye a line E, E. drawn through the pivot 
P, snd Mffallel to the face F, F. We will also suppose a section 6 
inches tnick cut out of the center of the millstone 4 feet in diameter 
mnild weLg^h ahout 260 Ihs., taking the weight of the plaster at 90 Ihs. 
jor enUc root» and that of the burr block at 160 lbs. 

Vow it may happen that in the construction of tiie millstone, 45 lbs. 
ma^ be iilaoed to the right of the center line A, A, and below the 
homontal line £, E; 36 lbs. may come above this line on the same 
iUe-of A| A^ 66 lbs. and 26 lbs. may chance to be on the opposite, 
Mow sna above E, E, respectively. The sum of the weights on the 
ri^t of A, A, is equal to tne sum of the weights on the left, viz : 80 
.liL Th» Btandinj; balance still obtains. The center of gravi^ a, and 

£ti eadi half ofonr section taken separately however, will not be in 
eteoael distances from the line E, £, with the material tibus dis- 
I fflmto a; bat will frdl above on the right to ^^ and below on the left 
ISitr* aI^ao joining ihese centers of gravity^ will take the direction 
|%1l. Kow when m millstone so constructed is rotated about its axis 
%;-iuaie center of gravity /^^ will rise, and /^ tend to fall The 
niK, N, wonld become nearer horizontal as the si>eed increases, the 
|m Bb E, becomes inclined and the Uuce F, F, nntme. The millstone 
if OBt of Banning balance." 

Xbe nmonnt of nessnre produced in our example assumed, we com- 
■foleas follows: We draw a line through the center of gravity g^^ 
. yvsllel to tlie ftce F^ F, until it meets the perpendicular line, A, A,t 
.«9 similarly draw a hne through g^^^. We will also suppose the centers 
jt fS^'ntj y^ 9SkAj/^^ \o be removed i of an inch from their proper 
fhoo on the line % E. The centrifugal force would be given, by the 

.laMnmezpression'^'^— where m, represents the mass, or the weight 

JRfided by the force of gravity, in our case for } of the section-^fP, 

Ae Tdocity in this instance, for the point g^^ or g^^^ and in a stone 4 

^'in diameter at 176 revolutions i>er minute, 18 feet per second, 

iti r, represents the radius, equal to P, ^ equals 1 fL in our case. 

.Bsnce substitating these values in the formula, we obtain -^g^j^-equals 

-.no lbs. for the centrifogal force. The part of this force which is effeo- 
'4fO in piodneinff the pressure at X equals 810. Cosine of the angle 
IP m equals 7M pounds nearly. The force acts with the lever arms 
■ff^ equals \ inch and PX equals 26 inches. We have therefore, for 

^^tm total pressors «t the point X 37^ X 2 equals 14.68ilb6.; an amount 

"WfA nnfreqaenily present in millstones in use. 

What is reqmred, therefore, to adjust the " Running Balance " with- 
out disturbing the Standing Balance " is to add or remove the same 
wmsht from each side. Thus if we add 10 lbs. to the part weighing 
26 lbs. and the same amount to the part weighing 45 lbs., we have 
not disturbed the standing balance, while we have made the weights of 
the parts above and beiow the line E, E, e<yia\ie&i^c.\A.N^\^. 
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SercMd pktent balancM which facilitate the operation h»Te boen ifr 
troduced. A more common one consiats of a cast iron box, which it 
inserted in the stone at the circumference, and in which a weight can 
be nuaed or lowered bj means of a screw. All that is leqnired in thii 
case, is to find the high point in the manner described : ralae the 
weight at this point and lower it at the low point, thna taking weteht 
from the npper half of the stone and adding to the lower half, and Uie 

Some farther illnstratiDns of the distinction between standing and 
innoing balance, with directions for trammiue the spindle into tha nur 
ner, are given b; a practical millwright, as follows: 

It is essential that the runner should be hung peribctlr in the center, 
that it should be backed with good calcined plaeter, ftnd nioely tnmsd 
off. If it shonld then be out of balance, weight it at thim equal points • 
on the periphery, taking care to put the weight on a level with the 
point of the spindle if possible. The reason whr a stona may iMlauct 
when at rest, and not when in motion, maj be illnatrated ai in Fig. I 
Tepresentini; a stone balanced at rest, but not in mnning bftUnoe h j 




Fig. 1 

will ba seen bj Fig. 2, re[)re8endng tlieposition toward which the laitH 
■lone will tend when put in motion. When in motion, Na 3 and Ha 
3 have a tendency'- ' i. _■___. _ii- -.i t_ . 



D. When in motion, Nc 
horizontal line with No. 




It i> easential that your driven have an eqnal beariag at eacli end ; 
«mr apindle shonld be trammed into the runnerbefore being placed in 
itB DDUpoaition. To do thii, la; your raaner off, face up; place the 
a^odle and driver in the eje, in working poutioii ; maka a tram of a 
•tripof board aboat eighteen inches long, by making a hole halfway 
through at one end; put this on the Btep point; take another strip 
abont two feet long, make a half circle atone end that will fit the neck 
of tba s^ndle, place it near the face of ihe stone, and connect the two 
hj m ilnp from one to the other, parallel to the spindle ; make a hole 
at the outer end of the lower piece, after the manner c' " — ' 
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Bt«p end of the spindle, until it is at ri^ht angles with the face o 

*Jiiner. Then obserre whether yoor dnver bears equally at each end ; 
^f not, file off until it does. The procesB described will be clearly nu- 
I deratood by an examination of Rg. 3. 



TOOL FOE REM07IN0 SCALE FROM BOILERS. 

Various implements are used for removing scale 
from boilers, a mill-pick, for instance, being frequently 
employed. In the accompanying cot, however, is 
illustrated a tool which has been found decidedly 
preferable to the pick, being expresslyadaptedtothis 
particular use. It is 4 inches long, and 1^ inches on 
cutting edges. There is a cutting edge on each side 
of the handle, one edge being parallel to the handle. 
and the other at right angles with it. The weight of 
the tool is about one pound. 




MILLSTONE DRESS. 

The following query was presented Bome time since : " A miller is 
laying oflf a dress on a four-foot burr, say 18 quarters, two furrows to 
the quarter. He steps off the 18 quarters at the skirt and marks : then 
he draws a circle of 8 iuchea diameter around the eye, for 4 inches 
draft. He lays his furrow stick outside of the circle and to mark on 
the skirt, and draws a line. Does that line represent the feather edge 
of the furrow orthe back?" 

Hr. M. N. Elwell, of Oneonta, N. Y., furnishes the fbUowing reply 
and the accompanying diaicrams, which fully illustrate his points: If 
the furrow stick is laid outside the draft— a« shown in Fig. I — to lay 




Fig. 1.- 

out the main furrows, the line along the side of the stick next to the 
draft circle represents the feather edge side of furrow, and the line 
farthest irom the drafl circle the back or deep side. Then tho bnrr 
wilt have the width of these furrows more drafl than the draft aidt) 
represents. The drail should be measured from the deep side of the 

The correct way to lay out the main furrows is shown in Fig. 2, 



'^hieh repreMDU&fonr foot ftone, having 4 inches draft, 18 quarters, 
% -fhiTOWB and 3 Unda to each qauier ; scale one foot to 1 of &n inch. 
-Afier deciding how mach draft the barr is to have, and the nnmber of 




Fig. 2. 

qnaiten, dnw a circle representing that draft, the diameter of wUcH 
must bo twice the draft, whether it be 3 or 4 inches — more or lees. 

SpM» off the anorters around the circumference, marking at each 
point. Then with a furrow stick mode the width jon wish the furrows 
(o be, proceed (o lay out the furrows hy laying one end on the inside 
of the dnft circle, bringing the edge &rtbest from you to its center, 
and the Other end and same edge of the stick lo the center of one of 
the qaarter marks, and mark out the furrow. This brines the deep or 
hmiek aide of the fhrrow to drail circle, where it should be to give the 
biur liie dr^ tjiat the circle represents. 



LAYING OUT FUEEOWS IN MILLSTONES, 

[By A. P. Fbnwick in Lefel JVews.] 

In the diafpomi, L 2 and 3, we are supposed to be unencumbered 

with eje fittinga, suck aa bnsh, boxes, and balance ijai. TVti -iokIOqiA 
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of laying off the fhrrows with those parts fitted, will be treated further 
on. In each case we will suppose that the stone is fiice njywards and 
level, with a board fitted in the eye, level with the stone fiM^. 

The first move is to find the center of the stone on the board. In 
Fig. 1 is shown the method of finding the center, as far back as I can 
remember, and may yet answer very well in some instances where 
small stones are used. We will now suppose we are supplied with a 
beam-compass, with which to divide the circumference into four equal 
parts, starting at a given point A^. These divisions being found, the 
four points are established at ^ ^, ^ B, all the same as the given 




point at A^ The beam-compass is now set to reach to within an inch 
of the center of the stone, one leg resting at one of the quarter points; 
scribe a short line on the board, and proceed to the other quarter 
points in turn, till the square in the eye board is complete at d. Lay 
a rule on the square and draw the diagonal lines from corner to comer 
as shown. The point where the lines cross is the center from which 
the draft circle is described. With small compasses the required draft 
is given, which in most cases is given in inches and half inches, as the 
stone is feet or half feet in diameter, widening the compasses in inches 
or half inches, for every foot or half foot of diameter ; now complete 
the draft circle. 

In Fig. 2 the operation differs slightly from the operation in Fig. 1, 
but its importance will be readily understood. The more distant the 
circumference is from the center, the more important the olject be- 
comes to secure the exact center ; especially when the fittings are tc^ 
place or replace, or the position of existing fittings is required. Tb.^ 
feast departure from the center in such cases, will result in *' ^- 
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^^etion both in balancing and grinding. Prooddding at a given point 
: . *^^i,IACk away the piaster from the sioe of the stone down to the hoop, 
■Jpiimt which side one leg of the beam-compass will work, and stand 
JjQtae. In this operation the compass points will need to be nearly 
« "'^ inches wider apart, than was used for Fig. 1. 
.^Iie first lines ot bisection are now made, as at C\ starting at a 
•^yea point A^, and from a position directly opposite. At each place 
^^lere the compass leg is to stand pr«)pare a place for it to set squarely 
^Ik against the stone, so that when the center is found, it will be the 
?^iiter of the stone proper without including the plaster. A straight 
^^e is laid to where these lines of bisection cross each other, and the 




/>>.^ 



line BB is drawn clear across the stone. The extremities of this line 
Ji B are the points from which to scribe the other lines of bisection at 
C. through which draw the line ^ ^ in the same manner as B B. 
Where these, lines A A and BB cross each other, is the exact center 
of the stone, from which the position of .the balance rynd and the boxes 
|. inay be located, or the position of existing ones ascertained, and the 
draft circle described. 

At Fis. 3 the representations are as follows : A the circumference, 
^acirde to space the quarters upon, Cthe eye, D the draft circle, B, 
^ the back line of furrow, F a given point. We now proceed to space 
it the required number of quarters upon the circle B, starting at a given 
lit point jP every time a circuit is made, till the spaces are all equal, and 
ctF finish up with marking them as shown. 

vti A furrow strip is now laid with one edge as E from one of the points 
- an circle B to one side of drafl circle on the inside. One line only 
[- extends to the draft circle, to show the position of the farrow strip in 
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marking out all the leading furrows; both sides may be lined before 
removing the strip. 

The tm>ee furrows shown are called leaders. Mark all the leaders 
out first, using a strip the same width its whole len^. The oxdinaiy 
width of this strip is 1| inches. A tapered strip is now required to 
produce the lands and the rest of the Aurows. The dimensions of the 
tapered land strip given below, will be governed by the width of the 
li inch furrow strip, because whatever shape or widdi the fiirrowB may 





be required at any future time, may be accomplished by making a fil^ 
row strip the desired shape or width, the position for the back edfls 
being then given ; that, however, the lands may be increased or di- 
minished, it is accomplished at the feather line or cutting edge. Taper 
strip measurements: 
For 4i feet stone 22 inches long, wide end 2f inches 

" 3J " " 16 " " " "1 15-16 inches. 

In each instance the small end to be i inch wide. The land and 
farrow strip will now follow each other till the other two fuirowB tare 
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marked beginning with a leading furrow and moving forward, allowing 
the wide end of tne land strip to come just to the edge of the stone 
each move. The area of space and furrow with this dress will be nearly 
equal in a twelve quarter dress, three furrows to the quarter. 

F^res 4 and 5 represent a valuable assistant in marking out the 
leadme lines of the leading ftiirows under any circumstances. It can 
be used on runner or bed stone, for right or left hand dress, or with 
the spindle in place or out of place. A hole is made in it to fit the 
spindle easily, the small end to terminate at the circumference of the 
size of stone used; a hole is bored near the latter end to admit a 
pencil, with which to describe the circle B. The part Fig. 5, is made 
to fit Uie large hole in. Fig. 4 tightly, so that the whole can be used to 
mark the leading lines oi runner or bed stone when the eyes are un- 
obstructed, simply by inserting a small iron pin through the center of 
eye board. The amount of draft required is calculated from the center 
of spindle hole to the square edge marked thus X. This assistant is 
best made of apiece of hard, thin, well seasoned board. 

The diagram Fig. 3, shows how to lay out the work with the sun ; if 
required to lay out against the sun, turn the assistant over, and com- 
mence on the left hand side of the stone. 



HOW TO COMPUTE THE CONTENTS OF A HOPPER. 

The following rule for computing the contents of a hopper is simple 
and easy of application, and will be found reliable in practice ' 

Multiply the length by the breadth, in inchest, and this product by one- 
third of tne depth, measuring to the point, i divide the last product by 
2,150, (the number of cubic inches in a bushel,) and the quotient thus 
obtained will be the contents of the hopper in bushels. 



VARIOUS METHODS OF SETTING THE BEVELS OF A HOPPER. 

The scale of this cut is three-fourths of one inch to one foot, and the 
hopper 3 feet square on top and 22 inches deep when set together. 
First strike out the square of the hopper to any scale you wish to work 
by. Intersect the square both ways in the center, and strike a diagonal 
as shown at A ; scale off on that line from center, B, to C, the depth 
of hopper. Set jrour dividers at center, B, and depth of hopper at C, 
and swing the dividers round until they intersect perpendicular line 
D. Draw a diagonal line, E, from that point to center line, F. Set 
your dividers on line F so that by striking a circle they will intersect 
pen)endicalar line D and the outside line of the square of hopper; 
strike a right-angled line, G, from center of line E, until it intersects the 
circle ; then drop a perpendicular line H down to intersect diagonal 
line A. Carry that fine at right angles until it intersects perpendicular 
line D ; then drop a perpendicular line I down to line A, ©.ud dx^'SR Vvca 



„. m smu of L Bomi. 1 

To prtthelrngth of tbe Bides ot comera.B ^^^^ 
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Crom which (o make the hopper. Ton c 

point M, for hole in hopper, that is Ihough ...._. 

Strip to fit the conieni, make diagonal une S, from corner to center. 

Set yonr diriden on line K wherever voa please, and strike a circle 

that will jnitintenect line K. Draw a line, 0, through the center of 

the eirde at exactly right angles to line N, antil it interaecta the two 

ontoide lines of hoppen. Draw snf^iar Unea FF (ointenet^the circle 

OQ line N, This it where the bevel ia set, around tines PP, to get the 

angle of comer Btripc The draft shoald be careAilly and correcti; 



for an; nca, depth or width of hopper required. 



Plat the kopper on s lann scale. Draw the diagonals A C and D B, 
alio the petputdionlan E F and H. From the center L lay off one 
of the duumiab the ^stance L I, eqnal to the vertical depth of the 
homer. Gnaaect D I; then with the angle D I A cive the bevel to be 
appUed to the edge of the board to cnt the required joint between two 
BOjacent sidee. Next make D E eqnal D I, and draw D K and A K. 




then will the angle A D K or E A D give the required bevel to be 
tidied on the nr^tee of the board, in order to cat the aides of the 
gnper slope, and give them the poper inolinatwn. 



AicerUun the aiH you irant your hopper on tha top, then mike ft 
dnft Bccordingtotbesize, aaA, B, C, D. Then find the depth yon would 
have the lidei, u H £. Draw one side piece, C E D. Extend the line 
C D any diKAnce, as to J. Then draw a line &om thepoint E, perpeo- 
diculsr to the line D K, until it interaecta C D, ny At FT Then get tlie 
diriden with one point at E, the other at F, and sweep E Q until it 
■trikes the line A D. Now dnw the line F. The anglo A GF 




would be the aiieic required to tiet the bevel for the mitre of ft kc^ 
of any size. Then place the berel to correapond with the linM AQF. < 
To prove it with the dividers or tram, tklce tne di«tane« DK Mid nwip 
to 1, on a line from B to C. From the point I Aiiw ft perpuidinbr 
I K to the line A D. Takr the distance K I and Rwwp tO G; wd if 
the circle IGand the tine F G meet exactly at the point O, tliBMdtil 
right 

Let the lines A BCD in the diacram repreient ahopDerSfeot^iian 
on top and 22 inchea deep, standing comerwiie to tna remdor, ftnd 
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mesmriDK b trifle leaa than 61 inches across the top. Now memmrethe 
distance from center of hopper to one of the comers at right aaeles 
Kith Such comer (as shown b; dotted line) and lengthen the npiQiht 
line CjnitsomDcb, aaat H; from which point strike lines E and F 
to the comers of the hopper. Set jonr bevet by these lines for eonter 

E'e<!eB, and also for joints of hopper, if eq.uare joints, orby one of these 
les and the apright line H, for mitre joints. The diagram is diaita 
to a scale of ] inch to 24. 




X being the proper angle delini 



sent the top of the hopp«r. 

Eand CAF thetwoa<ljoingsideB, 
of anj desired depdi. Select the 
points XX at pleasure, eqnt-dis- 
tant from C, and draw the perpen- 
I dicnlar XY. Draw the diagonal 
Y Y, upon which erect the isos- 
celes tri-angle Y Y Z, making the 
sides Y Z, equal to XY, the angle 
YZY being the angle or bevel 
sought. To demonstrate: Cut the 
outline of the diagram from a 
piece of pasteboard; draw the 
point of a sharp knife along the 
finesACand CD; now fold the 
two adjoining aides so that the 
lines CF and C E shall join. It 
will now be seen that the angles 
YYZandYYX areequal, f Y 
:u upon the side of the hopper. 



REMEDIES FOR WEEVIL IN MILLS AND GRANARIES. 

It is said that tar is a sure agent for expelling these tronblesome Ja- 
sects. An open cask impregnated with tar was placed in a granaiy 
thus infested, and in a short time the weevils were seen climbing along 
the walls in myriads and flying in all directions from the cask. The 
t&rred vessel being moved from place to place, the premises were in a 
f!ew days completely cleared of the rennin. A few old planks, with 
tbeir surfaces impregnated with tar (which should be renewed from 
time to time) will serve the same purpose. 

Another method is to wash the walls and floors with boiling water 
or potash lye, exploring every crack thoroughljy with a stiff troom dip- 
ped in the lye. Whitewashing the walls, with a thick coat put on 
while hot. is also recommended, and a forther protection is found in 
ooverii(g the windows with fine wire gauze to keep ont all insects. 
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BOLTING CLOTH. 

Tbe Diiiiib<>n of boltinfc doth in commoii nae rmnge froi 
16. the first mentioned bnng the coarsest, and the last the 
series: and these, as well as the intermediate nnmben, an 
bj the number of holes or meshes in a given space. Tl 
table gives the number of squares or meshes in ei 
inch, and aI*o the number in each square inch, for the d 
bers of cloth : 

No. of 

Cloth. 

000 



Off 


1 

2 
A 
4 



fl 

7, 
8 
9. 

10. 

11. 

12. 

13 

14. 

15. 

16. 



Squares per 
runniag inch. 

.... 24 

.... 32 

.... 42 

.... 62 

... 60 ... 

.. . 64 

.... 68 

.... 72 

.... 80 

.... 88 

.... 92 

...100 

....110 

...120 

....130 

...140 

....150 

....160 

...170 



The foregoing table may be readily applied and calculs 
the use of the ordinary magnifier or cloth-glass; but as tl 
eluded in the field of vision of the glass is only one-fourtl 
square (one-sixteenth of a square inch) the figures of the 
umn in the table must be divided by 4, and those of the t 
bv 16, in order that the number of squares given may con 
tno observation made through the glass. We therefore 
convenience of the reader, a table comprising the medium 
7, 8 and 9, showing the number of squares which will 
through the glass; this being sufficient to show how the se 
derived from the first, the same method serving for any 
descriptions of cloth, whether coarser or finer : 



No. of 
Cloth. 

6.... 

7.... 

8.... 

9.... 



Squares per l( 
running incn. 

20... 

22 . . 

23 ... 

26 ... 
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die standard and generallj received significance of bolting cloth 
mbers is ^at given in the foregoing tables ; and it is of course de- 
mble that one sole interpretation should be adhered to, in order that 
B language of the milling business may be uniform, and the seller 
id purchaser of bolting-cloths be able to understand each other 
wrectlr. 

The Dufour & Go. bolting-cloth, which has become so famous where- 
ver the manuflEicture of flour is carried on, is made bj the firm whose 
•ame it bears, at Thai, in the Swiss canton of St Gall, and is distin- 
Snished for its evenness and roundness of thread, its regularity of 
Bxtare and the accuracv with which the cloths correspond to their re- 
ipective numbers. To keep the bolt in good order it is necessary to 
BM occasionally the cloth sweep, made by sewing a breadth of cotton 
Bloth by the edge to a small rope, long enough to reach the whole 
length of the bolt This is huns up alongside the reel on the descend- 
ing nde, in such a way that it wul drag lightly upon the bolt cloth as it 
revolves, and remove the beards. As a continual dragging of the 
iweep will iigure the bolt-cloth, and only an occasional application is 
required, the sweep is so arranged that it can be drawn up or let down 
It pleasure. When it is first applied after a long interval, the bolt 
ihonld be run empty for a while, and then carefully shaken down and 
iweptout — otherwise the grist may be spoiled. In some rare cases, as 
n tne event of an accident or very careless treatment . of the bolt, it 
nay become necessarpr to wash the cloth free from accumulations of 
pasted flour by applying spirits of wine or turpentine freely with a 
iponge, whipping the cloth smartly but lightly with a small switch as 
K)on as it is perfectly dry. Where the Dutch Anker cloth is used, this 
operation must be performed with tiie utmost care, and Uie spirit used 
in small quanti^, as otiierwise the sizing on the threadi will be dissolved 
ud destroyed. Where the reel is covered with the English or muslin 
cloth, no hability exists of iiguxy to the fabric by the application of 
the spirit 

VERMIN IN BOLTING CLOTHS. 

An effectual remedy for vermin in bolting-cloths is an object of 
Bunest search by every miller, and many expedients have been tried. 
Gk)od results have been obtained by unslippmg the burrs, just before 
stopping the mill for a two or three days rest and running at rapid 
spe«d until the elevators, conveyors and reels are quite clean or empty, 
rhis is done on the theory that the bugs work on the cloth only when 
the mill is standing, and that they merely cut their way out of the bolt 
&om the inside, and do not eat the silk as moths destroy woolen fabrics. 

.Another method, successfully employed in old mills long infested 
with bugs, is to cover a reel with wire-cloth of such fineness as not to 
let the bugs pass through it, and bolt the chop through this just before 
entering me silk-cloih reeL Not only does this prevent the bugs from 
Saining an entMBce to the reel, but it also kee^^a o\x\. \i«x^ ^sci^^\9Mi^<^^ 
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iTolvea, the. bail, of coarae, rises, and matDtaiDs a higher or 
itJon as the reroliitioDS ore increased or decreased. 
<lid post, d, two Bmall belle, e, c, are fastened in Bach & manner 
Id the bnrrB, and consequentl; the spindle, tun too bat, the 
nding beyond the ball will cause the upper bell to riog. 
le revolntions be too slow, the wire will ring the lower bell as 
the diagnim. With thin acrongement any miller will be able 
« permanently the number of revolutioua he wishes his bona 
For this simple apparatus no extra ahafts, pulleys or belts 
-ed. It will be noticed in the diagram, that the tower bell 
nade t« swing. 



USEFUL DEVICE FOR FLOUR ELEVATORS. 
are often annoyed by the accnmulation of dough in the flour 
or meal elevators, the quanti^ becoming so great after a time 
itrap and buckets cease to ran. Unless &« elevators are 
ad so as to be eaailj taken apart, the clearing of them is qvite 

matter. The accompanying sketches show aderice by which 
iltyir ■-- 




uu plate 01 iron, the width of the belt, and some 4 or 5 
g, and fastened to the belt at the four corners by screws or 
I upon this plate are three stubt, the ceuWi one bft\M tJv% 
id having o toread cot on it for the recepfiou ot e. ^Wh^mi-qX. 



2ir. "TKDBixo" THE rAcc or A xai^tftts. 

B is alio fi thin plate, made the width of the belt, hftving throne 
centers slot, and the outer ends, II. tarned up at right angleiwia 
belt D. The edgei of this plate are thin and sharp for cnttiii( At | 
dou^h from the cases. This plate B it made to fit the stubs on pliU 
A, and is held in place bj the thumb«:rew and nut C, vhiie th« lirt 
allows of ita being ac^iuted to one side of the case or the othw, ■• 
circumstances ma;- demand. 



"TRUEING " THE FACE OF A MILL-BDRB. 



n ascertainii^ the poinf 



, _e of the red-sUff _ .. „ 

of inequality does not meet the demandsof the case. In such 
ni'thod is adopted of which the following diagram will 
ivoy a tolerably distiupt idea. 




.^..u . ^-^jt stone is represented in the diagram, and is shown tuned 
over on its back. A is a round piece of wood IJ or 2 inches thiDk,!!!^ 
large enoujifh to wedge tightly into the eye. B indicates the redinlr, 
C a screw inserted in the piece of wood A, and D is a steel plate— ^ 
piece of saw-plate answers very well^bout i inch thick and i inclie» 
square, let into the red-staff as shown, and forming, willt the hesd ox 
the screw, which most be nicely rounded off, the pirotal bearing npcn 
which the staff rests. The staff will tarn and oscillate with the matei* 
freedom, being hung after the manner of the magnetic neeiue in * 
compass. 

To find the places at which the face of the stone is " in wind," tlf 
red-staff is tapped with the finger and the manner of itaTibrationagaiii!' 



uan hardly convev, in fact, either by words or drawings, tu a y^t^- 
entirely nnskillea, a clear understanding of the process; hut it will be 
readily comprehended by an experienced workman without sft'v* 
minute explanation. The cut will serve to show how the apparatus '* 
arranged, and the rest must depend mainly on the judgment of tt*-* 
operator. 



"TRtJElNG** TttK PACK OP A MlLL-BtTRR. 
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Q the position of a high point is detected by the irregular 
)n of the staff when tapped with the finger, the staff is taken 
[ applied on that part of the stone in the usual manner, the 
nrhere the red appears dressed down, and the staff again balanced 
head of the screw, which can be turned down gradually as the 
pproaches a perfectly true face ; and this process is repeated as 
the staff vibrates irregularly in any direction. When it is found 
I a perfectly even and solid contact with the stone, wherever it 

I tepped or in whichever direction it may be turned, the face of 
ae may be considered absolutely true, and " out of wind," or 
ly so as mechanical skill can make it. 

her method, recommended by a practical miller, is as follows : 
n is to have a short spindle, say 18 inches long by 1} inches in 
er secured in the eye of the stone as above described, letting it 
bove the &ce say 8 inches, to be trammed as near as the winding 

II admit Now take a staff of the usual form, bore a hole in 
iter say 3 inches in diameter ; now fix a bale on the back, and 
f over the hole. (This may be done either by bending a strip of 
■on, orfiraming two posts on either side of the hole and fixing a 
top of the posts.) rut a set screw in the cap directly over the 
the staff, to rest on the top of the spindle, to raise and lower 

BT with. Now fix in the staff 3 or 4 set screws in such shape as 
igainst the spindle to answer as followers. Paint the staff, put 
le q^indle, turn up the set screws so as to touch the spindle, and 
kus of the screw m the bale let the staff down to the stone, 
le staff around ; the paint in the stone will tell you where to 
>ff. Continue the operation of staffing and dressing until it 
all around, and your stone will be out of wind. It will not 
I an experienced workman to work the staff or take the stone 
wind. 




le sketch (showing staff, spindle and stone) the stone is repre- 
as if cut down through the middle, showing the interior of 

e. 
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DKFF/TIVE roCK- 
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RESULTS AXDS 

RECTIFY THE^. 



I By A. Forrest in Ltfftl AV«r*.j 

On« of the moKt dinastrouji causes of unsadsfiMstoiT work oi 
of iiiUl«tr>nefl in use, is defective cock-heads. In the eodc^ 
it becomes most essential that the cock-hemd and eye ikoi 
lierfi'Ct as prMsiMe, to accomplish its design. The coAhead 
Ml made that it affords a fixed point of suspension lor the 
well as allowing it to oscillate freely, and neither of these c 
should Ih* disturlied while the stone is doing its woik. I ha^ 
Ni*veral forms of cock-heads which I have seen in actoml nae. 





Fig, 4. 



Fig. 5. 





B 



-«XHT0VK COCK-H^A.\>a. 
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em were made in very pretentious shops. I might make drawings 
indreds equally defective, but the cases present^ are sufficient to 
ttention to the subject 

;. 2, exhibits a veiy common form, and anyone can see at once, 
?hen the pressure of the stone is partially relieved, by the grain 
Qg^ between the stones,^ the point of oscillation becomes very 
lun. ^ Fig. 6, shows still another form, in which the point of 
ation is more accurately defined^ but is subject to same objection, 
in use, as the first, and is sure, in a little while, to assume the 
shown in ¥lff. 2, as the point will become blunt l^ wear. Fig. 4, 
) a most fSEiUl form, and yet quite common, fitting none of the 
tions mentioned above. No stone can be kept in either running 
inding balance on such a cock-head in such a cock-eve. 
;. 3, exhibits what I deem to be the proper form, if the utmost 
s had in its making. The bearing portion of this cock-head is in 
of half of a sphere accurately defined, and the eye is made to 
spond with it, both being perfect. The eye should be cherried 
» a depth exceeding the half sphere of the cock-head, by at least 
m inch, as shown m the cut ; the bodv of the cock-head being 
ed, leaving the half spherical form full and complete, and thus 
ing the stone to oscillate without binding. Now, it will readily 
3n, that in case the grain passing between the stones should, not 
relieve the whole pressure of the stone upon the cock-head, but 
lly lift i^ up to the extent of i of an inch, the firm pivotal bearing 
I be maintained, and the stone held firmly to its central position 
it settled back to its place. I think any one will see the practical 
Bophy of this form of cock-head. 

Is is apparently a trifling matter, yet to just such defects in cock- 
) as I have described, may be attributed much of the trouble 
rs experience with their burrs. I do know that I have completely 
died the unsatisfactory performance of a number of burrs, bv 
ly remodeling the cock-heads upon which they were suspended, 
le say to millers, that when they can not accurately balance their 
, nor keep them in balance when grinding, first look for the cause 
fective cock-heads. 



ANDARD WEIGHTS OF GRAIN AND SEED PER BUSHEL. 



It 60 lbs. 

56 " 

edCorn 56 " 

::!orn 68&70 " 

Meal.. 50 " 

33 " 

jy 48 ' 

60 " 

fi 60 " 

toes 60 " 



Clover Seed 62 lbs. 

Timothy Seed 45 " 

Flaxseed 66 " 

Hemp Seed 44 " 

Millet Seed 50 " 

Hungarian Seed 50 " 

Blue Grass Seed 14 " 

Canary Seed 60 " 

Hominy ,^^ 

Bran and S^iotta ."^ 







I-HRIP IXtl fllMFI.E EI.EVlfnB BDCKBTS. 

DEVICE FOR HOLDING SACKS. 



A device for holding socks or bags v^nkipont 
to catch the meal, flour or bran, ii Iiwa lUnatnkML 
The easentlal feature of the uimngement ii the 
use of the slipping-brakes, the pontion of whicli 
relntircly to the sack A ftod BTMnt B, (the amer 
pnrt of which ia indicated b; Qotted Iinei) will be 
teadily seen in the sketch. The bL>eks w« iboiii 
6 inchcn long and 1 inch Bqusn, mnd ms; be 
raised or lowered (o anj position denred tttcori- 
lag to the leni^th of the sock; the manner ii 
which the corda pass through them gifinft id 
whatever position, a hold npon them iraiiili 
prcvi'nU the corda from slijipina. m long U ibf? 



the corda from sujimnK. m long U 

n tiglit bj anj weignt num below. 



CHEAP AND SIMPLE ELEVATOR BUCKETa 
In the «ki!teh hercwiih given is ahown a wooden elevator baeW 
which ciiii be easily matte, of any desirable size, and at very trifliiil 
I cost. Scantling 2^ bj 3} inches will serve li ^H 
1 material. The buckets should he made of H"^ 
I wood and fastened to the belt by two or mow wood 
. . . wg pushing through the bolt and into the top o' 
I the buckets, which should be left thick enoogh tt 
'cceive them. The back, or side next to tha belt< 
s beveled a little under square, bo as to give the 
I point of the bucket a slieht elevation. Backets 
thua made, and placed on the belt 18 inches ap*rti 
linve been found to elevate easily 26 basheu o' 
uicai or flour per hour, provided the belt raus &» 
proper speed. 

An elevator bucket made of untanned leather 
is shown in the two succeeding cula. The raw-hide 
must first be limed and the hair taken ofiF, and the 
bucket is then to be cut and made while the leather 
is sof^ and pliable. Figure 1 shows the shape in 
which the leather is to be cut; the letters A A 
indicating where the punch holes for rivets are to 
be made, and the dotted lines indicating where the 




OBMEMT rOB ■II.LSTONIB. 



iher ii to be Iblded to form the bncket In patting together, the 
ketiirill require four rivets escb, two of which are to be j inch in 
Kill, sod two i inch. Firat put In the j rivets at the bottom, aa at A 
Rg. 3, and rivet them ; then punch the belt bo that the holes will 




ne in line with the npper holes in backet, forming the bucket and 
tening it to the belt with the lame rivets, aging the i inch rivets for 
' poipose. Backets made in this way have been found verj lasting 
1 seiriceable. 



TO SEPARATE LIGHT WHEAT FROM GOOD. 
rhe following method is recommended : Take tye from wood ashes, 
tmx enough to bear np a potato, and having poured the grain into 
(bin off all that floats, and pour off the Ije. The grain may then 
liMcd, and spr^d oat so that it will dry (]uicklj, when it will be in 
condition for sowing. Not only is the li^ht weight thus removed, 
t insects or their eggs which maj be mixed with the f^rain are 
ibtijed, and no ii^ni^ is caused to the grain if it is not allowed to 
nun in the lye. For lighter grains than wheat, lye of less strength 



CEMENT FOB MILLSTONES. 



The foUowing has been recommended bj a French chemist as agood 
Bent for milbtones: Ozychloride of magnesium is known to be a 
4nalic cement of great strength and hardness. Thiscementisthe 
uof an artificial bnrrstone, and is formed bj adding a solution of 
Joride of magneaium of the proper strength, and in the proper pro- 
xtions, to the oxide of magnesium obtained by calcininK magaesite. 
ks maenesite is bomed in an ordinary limekiln at a dark cheny-red 
•t Ae result is protoxide of magnesium, which is next ^u&d t< 
'" " ■ '■ *' ' '"""rfectly white. Thiacemen. 
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appliocl in filling tbc joints or cavities of millstones it is wetfa 

(>hloridc of magnesium, which converts the oxide of magnesii 

oxvchloride. The chemical result is due to the combination 

chloride with the oxido of majrnesium. It is said that when m 

blocks of Btuiic it is capable of resisting a crushing weight ( 

than 20,000 pounds to the square inch. There is another m\ 

making a millstone cement which has been tested and acts a 

Take 4 ounces of No. -1 omery, 4 ounces gypsum (plaster nf F^ 

1 ounces of alum. Heat hot until the alum is melted. Mixth 

in water to the consistency of cream; put all the inerediei 

^ vcRsol and boat until the alum is melted; stir well or ute em 

p not mix well. To prepare the stone where you want to put the 

r take a pint of rain-water and dissolve in it as much sal amm 

' the water will hold in solution; then clean out the cavity to 

J and wash well with the sal ammoniac water and you will nevei 

^ fill up that cavity apiln. In one instance the eye of the i 

scaled and crumbled off and this cement was used, and it held 
as (cood as ever. It is fltronglv recommended by those who hav 
Millstone comont made o^ alum and borax for mending 
joints in burrs, is often burnt in melting, thus making a poor 
the same ingredients, ])ounded up, are melted by hot water i 
pot, a good joint may be obtained. 



RE-BACKING MILLSTONES. 



The processes employed in building millstones at the factory, 
interesting in their nature to all engaged in the manu&ctore 
do not immediati.'ly concern the practical miller, except so i 
may have occasion to use the same methods in tne care and 
ment of his mill. The process of putting a back upon the 
running stone is one with which it is sometimes necessai^ 
miller, or at all events the millwright, to be sufficiently acqui 
enable him to perform the task; and it is, moreover, one 
things which if not don(^ properly might nearly as well be lef 
It may be said, indeed, that this is true of almost all branche 
work of a mill; for it would be difficult to point out an item ¥ 
be slighted in the least particular without direct damage to the 
either in the amount or quality of the product of the milL 

As the most expedient position in which to handle the burr, 
course can be followed than to let it rest upon the spindle-hei 
this case it can be filled more evenly and brought, when finish 
nearly to a perfect standing balance, than is possible when th< 
laid upon the floor or other sii lilar support. When ready, i 
the back, the stone is supposed to be otherwise in complete on 
the exception, of course, of the final process of putting it in 
and standing balance. The starting-hoop, which is of iron, c 
about 1} incnes wide, and the space between its lower edge 
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s slone about I of an inch. Between the starting-hoop and 
i space of abont 1 indi riionld occur, and the band, also of 
id be about 11 inches in width. The entire depth of a stone^ 
the filling and plaster back, should be from 18 to 24 inches, 
* being soitable for a 3 or 3} ft and the latter for a 4} ft burr. 
e we are supposing, howerer, which is that of putting a new 
an old stone, die sixes, proportions and arrangement of the 
band will be alrea^ fizi^ and are presumed not to require 
tion. 

taken out the old back, the spawls or fragments of bnrr- 
Dved are to be thorou^hlj cleaned and all the old plaster 

them got rid of before thej are again used. The upper 
the burr-blocks composing the stone is also to be scraped 
d both this sur&ce and th.^ spawls should be dampened bemre 
g the iklaster. The preparation of the plaster is the next 
in this part of the work an excellent method is to mix the 
th alum water — as much alum bein^ used as the water will 

standing fiye or six hours. Prepared in this manner, the 
II set haraer than if simplj mixed with water, and the back 
arse be all the more durable. The plaster when put in should 
lin, as it will harden with creatra|nait]r, and it must penetrate 
of the back and thorough^ unite witib the spawls, before it 

order to give the work the necessaiy comjiactness and 

k haying been filled to such a hig^t as the workman maj 
ible, the concluding process is tnmine it off| which maj be 
an ordinary carpenter^s chisel, a rest oeing fixed up for the 
It is desirable that ^he back should be made perfoctlj tree 
as otherwise, even if the stone is actually in running balance 
e an appearance of unevenness or *' wabbling " when put in 
We have known an expert millwright to turn off the back of 
e with such unerring accuracy that when running the eye 
eely detect the motion. 

luently necessair to renew a part, but not the whole back of 
in which case, the cut having been made and the requisite 
iken out, holes should be made slanting downward and 

1 every direction from the main cavity. The necessity for 
» from the fiict that the new plaster will not reliably unite 
here to the old, and the slanting holes are intended to serve 
i or roots, so to speak, holding the mass of new plaster down 
ts place. The holes should be thoroughly cleaned out and 
lade in drilling them removed, after wmdi the cavi^ is 

in ever^ part and the plaster poured in and forced down as 

as possible. 

K>rtance of a firm and durable back on a millstone is w^ 
1 by every miller. Cases have been known in which pteees 

which had crumbled or broken loose have been tmiwu 
>ff hj- the revolntionB of the stone, can&ii%9«iX \i^pcrs> ^>3^ 
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and itrilce sparks. If the exhaust-boxes, dust and smut-rooms are 

located outside of the mill, and care is taken that they are cleaned 

only when the mill is not runnins, or that the connection is such that 

in case of explosion the flame wul not be readily communicated to the 

dust within the mill, the liability of disaster will be much diminished. 

The plan of blowing steam into the dust-room of the flouring mill, 

at sutrl)le intervals, has been suggested, as a remedy for explosions, 

thus preventing too dry an atmosphere, and causing the particles of 

dost to coalesce and fall to the floor. Want of sufficient ventilation is 

iklso believed to be one of the causes of explosions, on the theory that 

thegsfl'S generated by the steam around the burrs inside the hoops 

sceomulate and form an element of the explosive composition. The 

method proposed for counteracting this tendency is to run a lar^e box 

mutilator m>m the stone-floor to top of mill, with openings into itfrom 

csch floor, and spouts connecting the dust-rooms and middlings bins 

vith the main trunk of the ventilator. The natural drafl through such 

a ventilator will, it is claimed, carry off the finest dust and the explosive 

SMes, and thus remove the principal source of danger. 



REMEDY FOR MUSTY SMELL IN GRAIN. 

.A mnsty smell may be removed from ^in by mixing powdered coal 

^th it and letting it stand for fourteen days, at the end of which time 

''^^ coal dust is removed by the purifying machine. This treatment is 

»^d to remove every trace of mould, and the flour made is excellent. 

"•^Jjxis process is only practicable in mild weather, and not during a time 

?^ firost Another method may be employed with oats. Put a layer 

?^Om 3 to 4 inches thick in a baking oven m which bread has just been 

^^ed ; leave the door and flue open, and stir it about for ten or fifteen 

"^ ^.nutes until it is well aired and dried. 



HOW TO JUDGE GOOD GRINDING. 

^^ Catch your hand full of meal as it falls from the stones, and feel it 
vichtly between your fingers and thum% ; and if it feels smooth and not 
OUy or clammy, and willnot stick much to the hand, it shows it to be 
^ne enough, and the stones to be sharp. If there be no lumps to be 
felt larger than the rest, but all of one fineness, it shows the stones to 
be well faced, and the furrows not to have too much draught, as none 
has escaped nnground. If the meal feels very smooth and oily, and 
sticks much to the hand, it shows it to be too low ground, hard pressed 
and the stones dull. But if it feels part oily and part coarse and lumpv 
and will stick much to the hand, it shows that the stones have too much 
feed ; or, that they are dull, and badly faced, or have some furrows that 
have too much draught, or are too deep, or perhaps too steep at the 
back edge, as part has escaped unground, and part too much pressed 
and low. Catch your hand full« and holding tho palm up, shut it 
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briskly; if the greatest quantity of the meal fly out and escape between 
your nngers, it shows it to be in a fine and lively state, the stones sharp, 
the bran thin and that it will bolt well. But the greater the quantity 
that stays in the hand, the more faulty is the flour. Catch a handful of 
meal in a sieve, and sift the meal clean out of the bran ; then feel it, 
and if it feels soft and springing and elastic, and also feels thin, with 
but little sticking, to the inside of the bran, and no pieces found much 
thicker than the rest, the stones are shown to be sharp, and the grinding 
well done, but if it is broad and stiff, and the inside white, it is a sure 
sign that the stones are dull or overfed. If you find some parts that 
are much thicker and harder than the rest such as half or quarter 
grains, it shows that there are some furrows that have too much draacht; 
or are too deep or steep at the back edge ; else that you are grinding 
with less feed than the depth of the furrows and velocity of the stone 
will bear. 

The foregoing are Oliver Evans' rules for judging the quality of the 
grindiuff, and may fairly be regarded as "old, but good." Another 
practical miller tests the meal by catching a handful and pressing the 
thumb slowly down upon it. If it settles together like me unsteady 
packing of snow, the grinding is all right 



TO PREVENT CLOGGING OP MIDDLINGS. 

A device which has been employed with success to prevent the 
clogging of middlings, consists of a simple rod of wood placed inside 
the eye and extending to the balance rynd. The rotary motion of the 
rod separates the middlings and prevents clogging, the same device 
being equally effective if extended into the feeding spout 



REGULATING THE MILLSTONE DRIVER. 

The directions given by an experienced miller are : First level the 
bed-stone, put down your runner, tie a rope to it at a point equal to the 
hight of the cock-head, turn the stone round until the driver stands 
north and south, then fasten the*rope to a post, put on a portion of 
your power; now hoist the runner till it clears the bed-stone. The 
runner can now be rocked north and south, or with the driver, and will 
stay about as you put it, but east and west, or across the driver, it is 
stubborn, according to the amount of power attached. Take a sheet 
of paper, tear it in two, fold each piece, slip one under each side of tiie 
stone, east and west, and let your runner down until one of the papers 
becomes tight ; this shows the low side of the stone as it would be when 
running. Now move the foot of the spindle until both papers are 
tight, letting down the stone as you move the spindle. When both 
papers become alike, the stones face exactly together. Then shut off 
your power, turn the stone just half round, tie again ; then if the &ces 
come exactly together when reversed^ all is r^ht widi the driveri and 



AVEEADE tUfX or WHEAT FOR TWERTT-inHX YEAES. 



Epiadle east And vert. Then ahuE off the power, release it 
D i Toimtl. tie M befoTs : now tram epiodle north and 

'* t points croering the driTer. 

i one paper brtuiiiLW tight fiwt, then 
ir etODe'withDiii luovinjj the fool ot epiodle, if 
diiTer be wrong ihe paper on Ihe opposite side will he tight. 



Ji, a1wav<i keepine the papera m 
fhen the firflt irinl i" maoe, anc 



TEEAGE PEICE OP WHEAT FOR TW'E.VTY-N'lXE YEARS. 

le following bible, prepared bj Messrs. Warder t Barnett, millen, 
agfield, Ohio, from records carefollj kept bj them, shows the 
ige price of ^/]leat, as int'.icated bj piirchasea made at their mill, 
1852 to 1880 iQclnave— .-. period cv 29 jenrs. 

Average price in 1852 63 cents per hnsbel. 

'■ ■■ 1853, 82 ■■ ■■ 

' 1854, *1.43 

' 1855 1.57 

* 1856 1.04 

' 185T 1.00 

* 1858, 74 

' 1859 1.09 

' 1860 1.04 

' 1861, 80 



1863... 
1864,-. 
18G5,.. 



IE 70.. . 

I8T1,.. 
18T2,.. 
1873, . 
1874,.. 
1875,.. 
1876,.. 
1877,. . 
1878,.. 
1879, . . 



. 1.06 



... 2.15 
... 2.41 
... 2.05 



prices named are for merchantable red wheat, mostly Ueditar- 



a lowest price reached during the twenty-nine years covered bj 
statistics was 56 eta. per bashel, in Auicust, 1852; tha hifheit, 
per bushel, in May, 1867. 
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SETTIXO UP AND RUNNING STEAM PUMPS 

Tbe Dean Pump Works, of Indianapolis, give the following tj 
b:n:s on the man;icement of steam pumps: 

Never use a smuTler pipe on the suction than the list indicatei 

Avoid ri^ht an>:los in tne pipe, where it is possible. 

Where it is practicable, make bends with a large radius. 

Put a fiV»t \alve and strainer on the end of the suction pipe. 

Do not place the pump more than 29 feet from the water. 

Whoro hot water is pumped, the supply must be above the pm 

Make all joints in the suction pipe ti^ihi. 

A small leak in tho .auction is very detrimental. 

Keep the stuffinji l»oxos nicoly packed. 

0\\ the pump before starting it, and keep the oil wiped ofif n 
is not n^'^^^od. 

Sonu' i-njiineers seem to think that if their boilers are supplii 
water then* i.< no need of looking afler the pump, or taking ai 
of it. A ^ooil pump is as worthy of being taken care of as 
onjiine. and wo would sujrjiest to all engineers and persons u 
having chai^o of pumps, that they spend a few moments every 
cleaning them up. removing all extra oil on them, wiping off 1 
and dirt, aud seeing that they are in good condition and workii 



USEFUL HINTS TO FIREMEN. 



The Enktlish lV">ilor Insurance and Steam Power Company iss 
following instructions to engine firemen: 

Water gauges should be blown out frequently during the day, 
glasses and passasros to the gauges kept clean. More accide 
due to inattention to water gauges than to all other causes put t 

Safety valves should be tried at least once a day to make si 
they will act frtn^ly. Overloading or neglect of these yalves t 
the* most disastrous results, and can not be too carefully 
against 

Pressure gauges, where fitted with cocks, should be tried occa 
by shutting off the steam and letting the pointer run back to zei 
this purpose the gauge should be arranged to open to the atn 
when shut off from the boiler. 

Blow-off cocks should be taken apart, examined, and grease 
the boiler is cleaned. Make certain that no water is escapii 
the blow-off when the cock is supposed to be closed. 

Check-valves, or self-acting feed valves, should be taken i 
examined when the boiler is cleaned. Satisfy yourself frequeo 
the valve is acting when the feed pump is at work. 

Fusible plugs should be examined when the boiler is clean 
carefully scraped clean on both the water and fire sides. It 1 
done the plug will not act 

To save coal, keep the boiler clean inside and outside. If tb 
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plentifal sapply of steam, keep a thick fire ; but if short of steam, 
"work with a thin fire, keeping the bars evenly covered. Firing a 
furnace on each side alternately tends to prevent smoke. 

To preserve the boiler, raise the steam slowly. Never light fires till 
tlie water shows in tiie ^ange class. Never empty under pressure, but 
»llow the boiler and brickwork to cool before running the water off. 
Clean the boiler inside regularly once a month, oftener if the water be 
bad. Glean all flues once a month, stop any leakages, and get rid of any 
damp in the seatings or covering. Examine especially plates subject 
to the direct action of fire, the underside of the boiler, and any parts 
in contact with the brickwork, or with copper or brass, where water is 
present If not required for some time, and it is impracticable to 
empty and thoroughly dry it, fill the boiler quite full with water, and 
put in a quantity of common washing soda. 

Should the water get too low, draw fires at once as a rule ; but if the 
fire is very heavy, or if the furnace crown appears to be red-hot, it is 
best to smother the fire with wet ashes, wet slack, or any earth that may 
be at hand. The dampers ma^ then be closed. If the engine is running, 
or the feed pumps delivering into the boiler, do not stop them ; but if 
not working, do not start them, and do not attempt to blow off the 
steam until the fire is out, and the over-heated plates have cooled. 



PAINTING MACHINERY. 



Great lack of taste is oflen displaved in painting machinery, which 
is too often daubed with the most glaring and ill-contrasted colors that 
disgust the sight and mar the general appearance of the machine. 
The following remarks will assist our readers to a better comprehension 
of what we mean, and also to select proper artistic contrasts. We have 
seen machinery in which bright, gaudy reds and scarlets mingled with 
bright blues and yellows in the most extraordinary way. A very little 
consideration will show that such combinations are oreaches of har- 
mony, which require that one color shall be subservient to the other, 
BO as to pleasantly blend the whole to an even and pleasing tone. 
Thus, the complementaries of red, are green; of blue, orange; of 
yellow, violet. Precise rules, however, can not be laid down, and 
■xiuch depends upon artistic effect to be decided by the reasoning eye. 
^he following suggestions as to contrasts, however, may be found of 
Assistance : 



I. Black and warm brown, 

II. Violet and pale green. 

HL Violet and light rose color. 
IV. Deep blue and golden brown. 
Y. CEocolate and bright blue. 
YI. Deep red and gray. 
YII. Maroon and warm green. 
YIII. Deep blue and pink. 
IX. Chocolate and pea-green. 



X. Maroon and deep blue, 
XL Claret and buff. 

XII. Black and warm green. 

XIII. Slate color with nearl}' all 
bright colors excepting blues. 

XIV. Buff and black. 

XV. Buff and blue or mauve, 
and soon. 
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CHOOSING OAK TIMBER 

Being very hard in texture, oak is peculiarlj adapted for all purposes ^ 

where great strength and durability are required ; while its color, which j 

when new is a deep red or light brown, and when old a dark brown, 
adapts it for all descriptions of household furniture, pannelling, and J 

cabinet work. When applied to the latter purposes it is generally -^ 

carved, for which its closeness of grain peculiarly adapts it ; but this ^ 

is often a work of great trouble, on account of the hard knots which _^ 

run through it. In the selection of oak a great deal depends on a ^ 

knowledge of the soil on which it has been grown, for we generally find j^ 

that when the product of a peculiarily rich soil it is deficient in ^~, 

strength, being full of sap, which necessarily impairs tiie solidity of the ^^ 

wood. Again, we have to consider the effects which the atmosphere ^=^, 
produces upon it in the situation in which it is grown, as it has been 
found that even the product of a few acres may vary in quality accord- 
ing to the position of the trees ; thus, those having a northerly aspect 
have been uniformly better in quality than those exposed to the rays of 
the noonday sun. The best means of discovering the comparatiye 
quality of different kinds of oak consists in immersiu.-: several speci- 
mens in water, and attentively watching the respective ..eights of each 
after having been soaked for a certain time; the specimen that has 
imbibed the least quantity of the fluid should always be chosen for use, 
as that may be depended upon as being closest in grain, and, conse- 
quently, least liable to decay. Those trees which have been cut down 
in winter should always, when possible, be selected, for in such l^e sap 
has become partially ary, and, consequently, they require less seasoning. 
Great attention should always be paid to the state of the timber abou' 
to be selected, examining well the central parts, as there itis thatdeca; 
generally first shows itself. It is to a want of proper attention to t 
point that many disastrous accidents may be ascribed, with regard 
the beams employed for supporting roofs, etc., breaking beiieam tha 
loads. 





SELECTING TIMBERS. 

Bankine says that there are certain appearances characteristio o '^f 
good wood to what class soever it belongs. In the same species o -^^ 
wood, that specimen will in general be the strongest and we mos -^^ 
durable which has g^own the slowest, as shown by the narrowness o -^^ 
the annular rings. The cellular tissue, as seen in the medullanr ray^ 8 
(when visible), should be hard and compact. The vascular or nbrouj^ -^ 
tissue should adhere firmly together, and should show no wooliness S" — ^t 
a freshly cut surface ; nor should it clog the teeth of the saw with ' 
fibers. If the wood is colored, darkness of color is in general a sij 
of strength and durability. The freshly cut surface of the wood she 
be firm and shining, and should have somewhat of a transluoeu 
appearance. In wood of a given si^ciea, the he«.yier specimens 
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Seneralthe stronger and the more lasting. Among resinous woods, 
ii086 which haye the least resin in their pores, and, among non-resinoud 
woods, those which have least sap or gum in them, are in general the 
stroneest and most lasting. Timber should be free from such blemishes 
as ** clefts," or cracks radiating from the center; "cup shakes," or 
cr&cks which partially separate one layer from another; "upsets," 
whrere the fibers have been crippled by compression ; " wind galls," or 
wounds in a layer of wood, "\/hich have been covered and concealed by 
the growth of subsequent layers over them; and hollow or spongy 

S laces in the center or elsewhere, indicating the commencement of 
ecay. 

TESTING FLOUR ADULTERATIONS. 

I>r. ffimly. Professor of Chemistry, at the University of Kiel, has 
suggested a method by means of which any person of ordinary intelli- 

§etiGe may test the amount of adulteration of flour. It is based upon 
^6 fact that chloroform is specifically lighter than nearly all the 
substances usually employed for these adulterations, such as lime, chalk 
harytes, plaster, marble, bone-powder, etc., while the genuine flour is 
again lighter than chloroform, in which none of the above-named 
substances are soluble. The testing x)roccss is of the simplest, and all 
the apparatus required is a small test tube about -}-inch in diameter and 
4r or 6 inches long. A teaspoonful of the flour to be tested is placed 
in the test glass and chloroform poured on to fill the vessel to about 
three-quarters of its length, when it is well shaken, and then placed in 
*n upright position, so as to remain undisturbed until the various 
substances mixed together have had time to find the level assigned 
them by their specific gravity, the flour swimming near the surface at 
"^e top of the vessel, while the mineral bodies will sink to the bottom. 
It should be observed that unadulterated flour will often show a slight 
filmy deposit of a greyish or brownish color, which it must be supposed 
18 stone dust produced in grinding. A white deposit, however, will 
invariably indicate an adulteration with one or another of the substances 
^J^entionea above. If the materials are weighed before and aftier 
separation, the amount or degree of adulteration may be pretty accur- 
*t^ly ascertained. 



CALENDER ROLLS. 

Paper calender rolls are almost as hard as iron, but are used in 

J^^eference to iron because, while they will preserve their roundness, 

^^^^th and smoothness, they possess a certain amount of elasticity, and 

^^^ therefore less liable to damage from the strain due to any roreign 

^^l^hstance passing through them. The method of fixing the paper to 

^^5^^* roll is as follows: Disks of thin common brown paper, of a 

^i«meter large enough to turn up to the requited diOkTCL^Xi^T <il x^^ *j«^^ 



T X3 



with ft 2C> :z 'Ji'* r^=:i*r :: *mz'sL Iftrs* eaoB^ fivr tliein to ]W 
a»»r -la^ r:l!«»r *2ar", ir» frsc ziz -i*: li'&s a Bamber of smiili 
wisa ;ii» wz-rai. i-: -* i.:i:-i- 4 :r -5 :z;i-w larger, are made. In 
C3«*w 'ijkj ip*. =. '.^•^ r:.. ^.lar:. :':ir UTi=^ she smaller holes 
oa. a='i ".ie- :z-» w.ii li-* Iatt* i«:I-». lie object being to ins 
^a-? pacer s^all pr»<d ^rffji-ir as &:i i lovards the outer diametc 
roll, az'i zoi :i:i *«: z:z~zlj z^z-wnris tie center — and thns tl 
part of the rcL. u 5;ir» :o !:« th< zioisc compact and therefore t 
a^irable. 

To aroLd ben-iinz th-» rcll shah ij reason of any nnevennea 
thickness of o-^ *:i* •:: "h* si-wt cf paper from which the d 
caz. eTerr other tiisk :« r:r:i-?'i halfwrnr around when placed i 
Ehax When the LA:icr is £ll'?ii wiih tnese di<k5. it is placed 
▼err powerful hjdrail:-: pr«3s. ziviaz ft pressore of about 2 
which compresses :he cLsk« «i:'!:<i:ozecher without the aid of ^k 
other adhesLve sn'rig^nce. Pne d:«ks are allowed to stand until 
compressed sx^cientlj to give room for additional disks, wl 
added in the same manner as before, the whole oeinga;zain con 
This process is continued uniil the intended len;nh of the roUe 
with compound paper, when the latter is £utoned — this, ^ 
locking and finishing, completin;^ the operation. 



CONDITIONS INJURIOUS TO SIGHT. 

Prof Raux mentions the following: (I.) Air vitiated bj 
emanation, retcetable or mineral dust, the smoke of various c 
bles, especiftlfj that of tobacco, in which nicotine exii 
Temperature too high or too low. and sudden changes or < 
(3.) Clothins too tight particularly the neck or waist (4.) 
with the heaa and hodj too much bent for\7ard during labor 
eyes. (5.) Premature study, excess of reading, etc. (6.) 1 
excesses. (7.) Use of the eyes and brain immediately afte 
(8.) Habitual constipation, cold feet, and everything which 
produce congestion of the head. (9.) Immorali^, especiall 
childhood and youth. We might assign a cause still more pot 
any of the foregoing, viz : a deficiency of light 



HOW TO PUT AN ENGINE IN LINE. 

[by STEPHEN ROPER, IX LEFFEL NEWS.] 

An engine is in line when the axis of the cylinder, and tl 
rod are in one and the same straight line in all positions, 
extended should intersect the axis of the engine shaft, and be 
anaieu to it The guides should also be parallel thereto. ^ 
must bo level, but th** ^'ne of the cylinder maybe level, 

or vertical accord? ^n of the engine. 
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I 

To "linenp" an edeine, as it is generally termed, take off the 
(joinder head, remove tne piston, crossnead, and connecting rod, then 
fith a center punch make lonr (4) marks in the counter-bore at each 
and of the cylinder at equal distances apart around the bore. Take a 

S'ece of stiff hoop iron with a hole at one end of it, slip it on to one of 
le stad4x>lts of the back cylinder head, and secure it firmly with a 
Wki, after which it may be bent in the shape of a crank, one end 
projecting across tiie cylinder at its center, at a sufficient distance from 
It to admit of convenient and accurate measurement Next draw a 
fine line through the cvlinder, and attach one end of it to the temporary 
ennk above ment'^nea, and the other end to a stake driven into the 
floor at the back end of the bed-plate. Then with a piece of hard wood 
or stiff wire pdinted at each end and equal in length to half the 
diameter of the cylinder, set the line, so that, when one point of the 
wood or wire is inserted in any one of the center-punch marks at either 
end of the cylinder, the other end will feel the line. Next see if this 
line passes thrqu^ the center of the shaft; if so, the cylinder is in line 
with the shaft; it not, one or the other must be moved, which requires 
both skill and judgment, since engines differ so much in design and 
construction. Now turn the engine shaft round till the craak-pin 
almost touches the line passing through the center of the cylinder, then 
ascertain by measurement whether uie line is equi-distant from the 
collars on the crank-pin. Then turn the shaft on the other center until 
tiie crank-pin feels the line. If the measures correspond the shaft is in 
line with the cylinder; if not they will show which end needs to be 
moved. The operation may have to be gone over several times before 
a definite conclusion can be arrived at The shaft may be leveled by 
placing a spirit level on it, if there be room ; if not, drop a plumb-line 
passing through the center of the crank-pin and shaft; then by placing 
the crank at l^th centers and at half-stroke, the line will show whether 
the shaft is level or not. The guides may be brought into line with the 

2 Under by measuring from each end of each guide, to the line passing 
rough the center oi the cylinder, and moving them until they are 
parallel to the line and to each other. To adjust them to the horizontal, 
a spirit-level may be placed on their top faces ; if no level is at hand 
a square and j^lnmb-line may be used ; where these accessories are not 
at hand a straight edge placed across them will determine by actual 
measurement whether they are in line with the center line of the 
cylinder or not 

Engines get out of line from the following causes : faults of design, 
feults of construction, overwork, the character of the work whic^ they 
ftre performing, or from the loss of the crank wearing away the face of 
the main bearing against which it revolves. To move an engine shaft 
and pillow-blocks into line with the center of the cylinder, screw down 
the caps of the pillow-blocks firmlv on the shaft, then clr.ck up on the 
holts that tie down the pillow-blocks to the bed-plato, after which the 
shaft, pillow-blocks and fly-wheel may be moved from the back end by 
means of a lever or jack-screw, after whicli they ?\\0Ta\A \i^ ^-txoJcs Nk'^^ 
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%B month, large ships are seen which have sailed against the corrent 
iH tiie way by the force of the wind alone — ^that is to say, which, on 
dbe beaatiM inclined plane of the stream, have been gradually lifted 
bgrliie soft wind, and even against the current, to an elevation greater 
vma that of onr loftiest spires. 



MHiLERS AND THE LAW ON WATER COURSES. 

. Yeiy cnrions and interesting disputes are constantly coming before 
tte courts, relative to the rights of millers and manufacturers on the 
ilieams which afford them ix>wer. Any one who has taken pains to 
Bote the tenor of the decisions in these cases, will see that they conform 
to certain established principles of law, with which every mill-owner 
would do well to be conversant 

The word "riparian" (from the Latin ripa — meaning the bank of a 
river) is a term used in law to refer to the rights and privileges of 
peraons who own lands Wing upon or bounded by streams or rivers. It 
18 fixed in law and confirmed by court decisions, that everpr riparian 
proprietor has an equal right to a free use of the water which passes 
us land. He has^ however, no exclusive property in the water itself) 
lot the simple use of it as it passes. He can not appropriate it to his 
exdosive use nor divert it permanently from its natural channel with- 
ODt the consent of the adjoining proprietors. If he does divert it on 
Ids own premises, he must return it to its ordinary course when it 
leaves his estate. 

These are the broad principles upon which the general and state laws 
tte based. Of course the minor details of water rights, etc., are subject 
to local state enactments, forms and restrictions, omerwise streams of 
luuiing water could rarely be properly applied to agricultural or 
Bano&ctnring purposes. In all instances it may be taken for granted 
ttat nothing but positive surrender of rights or contract to the contrary, 
can deprive the riparian proprietor of the use of the stream passing 
Idm until he has had use of it, if he wishes to employ it legitimately. 

If the water is insufficient for the mill-owner's purposes, but can be 
made, by a reasonable detention, available for power, the courts have 
^ded that he can so retain it until he has enough to use profitably. 
The mill-owners further down must do the best they can, being, fii 
eoone, entitled to their share of the water when it gets to them m 
tegular course. Agai n, as to protecting himself from damage by freshet 
or overflow, he can erect such protection as may be necessary in the 
vs^ of embankments, etc., even though such protective measures may 
Wk the water upon adjoining land. The land-owner in the latter case 
hs8 no legal cause for action. 

Of course no mill-owner would be justified in the malicious detention 
or wastage of water, or in the unwarrantable release of water so as to 
teroj neighboring property. He has, however, the inalienable rights 
of proper use of the water and of protecting himself from its rava^sea^ 
kitthen do what thej wUL 
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In this connection, though not directly in the line of the foremiog 
is an interesting decision rendered in the Supreme Court of New Yon. 
The defendant had on his land a spring surrounded by an embankment 
The plaintifif had a well which was dependent upon the defendant's 
spring for supply. The defendant cut through the embankment, therein 
lowering the water in the well of the plaintiff. The court held that 
the plaintiff had no cause for action, no matter what was the defendant's 
motive. The laws and courts throughout seem to decide that the 
elements air and water are the untrammeled property, for the time 
being, of those brought into natural contact with them. 



PREVENTION OF INCRUSTATION OF STEAM BOILERS. 

The following condensed hints will be found valuable: (1) Use as 
pure water as your locality affords. (2) Clean and scrape your boiler 
as often as you possibly can. (3) Blow off without excess. (4) In 
case of salt or brackish waters, never use steam of over 90 lbs. pressure 
to the square inch. (5) In case of sulphate of lime waters, never use 
steam of over 70 lbs. pressure. (6) In case of water holding carbonate 
of lime in solution, pass it through a feed-water heater made hot by 
exhaust steam or waste heat. (7) In case of muddy waters use large 
feed-water cisterns or reservoirs, on the bottom of which the suspended 
earthy matters will soon form a soft deposit, when the surface water 
can be drawn off for use. When using hard water, sa ve the drippings 
of the exhaust-pipe, and the condensation of the safety-valve blow^n, 
and from the cylinder, and use the water thus obtained to fill the boiler 
after blowing off. The result will be surprising in its effect in loosening 
scale. 

The following remedies have been used with more or less success 
in various cases: (1) Potatoes 1-50 of weight of water, prevents 
adherence of scale. (2) Twelve parts salt, 2 J caustic soda, i extract of 
oak bark, J part of potash. (3) Pieces of oak wood, suspended in a 
boiler and renewed monthly, prevent deposit. (4) Two ounces of 
muriate of ammonia in a boiler twice a week, prevents incrustation 
and decomposes scale. (5) Coating of 3 parts black lead, 18 o* 
tallow, applied hot to the inside of a boiler every few weeks, prevents 
sc^le. (6) Thirteen pounds of molasses fed occasionally into an S-horse 
bbiler prevented incrustation for six months. (7) Mahogany or oal^ 
sawdust in limited quantities. The tannic acid attacks the iron, an^ 
should be used with caution, (8) Slippery elm bark has been used 
Y.^\^ some success. (9) Carbonate of Soda. (10) Chloride of tiJ^- 
(il; Spent tanner's bark. (12) Frequent blowing off. 



HOW TO UTILIZE SAW-DUST. 

T.r3^ '* ^ frequent que- - our saw-mill men. The genera 

practice of throwing ' -ftw-mvlV ^^^x.^ ^^^^ tsXx^^L^ \« 
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icome 80 serions a matter in Minnesota and Wisconsin, that the most 
ringent legislation is being proposed upon this subject. A bill has 
ien introduced into congress, forbidding mill owners to deposit in any 
: the navigable waters of the United States any saw-dust, slabs, or 
astage, and fixing as penal^ a fine of from $500 to $5,000, and in 
&&Qlt of payment, imprisonment for not more than six months, 
rovision is also made for the institution of civil suits in the name of 
le United States, against those who disobey this prohibition, and if 
lolation of the statute be admitted or proved the damages in all cases 
) be 1500, and such further sums as the court may ac|judge. The 
t)vernment has been expending considerable money in efforts to 
eepen some of these streams, wim a view to benefitting navigation ; 
It their efforts and expenditures are useless if, as fast as the channels 
re cleaned out. they are refilled with this artificial obstruction. 
Saw-dust has been used to a limited extent in the manufacture of 
mous articles for wood ornamentation, taking the place of carved 
ork. It has also been employed in making imitation ebony keys, 
iish handles, knife handles, etc. For all of these purposes it is 
dneed to a plastic mass, mixed with slue or gypsum, and shaped by 
[essure in molds. Fire kindlers and blocks for fuel have been made 
ith profit from the same material, and it has also been used as fuel 
ider boilers. A patent has even been issued for the manufacture of 
ilroad ties, fence posts, paving and buildine blocks, &c., from saw- 
tst This artificial wood, it is claimed, can oe made fire and water 
t)of, and no insect will attack it. It will take polish and will stand 
gher pressure than ordinary wood. It also can be cut and sawed and 
low nails to be driven into it. As the process of making it is 
ry simple and cheap, it may be destined to bring a revolution in the 
w-mill business; but in all these and the various other ways reported, 
it a very small proportion of the saw-dust product of this country 
luld ever be utilized 

The most valuable and practicable suggestion comes from a Louis- 
na planter, who says that for fertilizing purposes saw-dust has 
marKable advantages. Spread from 6 to 12 inches thick over newly 
anted potatoes, it is said to have a marked and favorable effect on the 
eld. Another and perhaps preferable method is to prepare the soil 
f plowing and pulverizing, to open furrows 2 to 3 feet apart, to put 
. said furrows a 4 inch layer of saw-dust, on this lay the potatoes that 
•e to be planted, covering them with another layer of sawniust, and 
rer this a layer of the soil. 

Saw-dust, 8B.J8 the same authority, can be used with advantage about 
nit trees. Mixed with the soil it enriches the latter, and placed on 
B surface it maintains moisture and prevents the growth of many 
oublesome weeds. In vegetable gardens it also does very well, 
specially around cabbage plants. Saw-dust will rot as soon as any 
ther vegetable matter, according to the species from which it originates, 
^xed with the soil it keeps the latter more mellow. An application 
r sawilust, say of three cart loads to the acre, during four years, over 
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the poorest land, and plowing, and cnltivntiDg Bame each jnt.iiQ 
render it the most fi'rtile. 

So long iiR manTifactoriea are actually making chemical {aHhm, 
and our tanners arc pH3'in|; hi^li prices for tbem, it would seem wortli 
their while to investiEale this newly suggested source of mmh; 
especiallj when this supply comcH in the shape of a substaoM niu 
has hitherto l>Gen regarded as an acttial nuisance to be annken out of 
sight in rivers, and lo be annihilated by burning in oseless, iaeSectDtl 



SPEED, POWER, CAPACITY AND DEESS OF MILL8T0SES, 
We herewith reproduce from the London Miller, a compact ni 
suggestive table pvingan estimate of the speed, power, capacitj, dren, 
and draujiht of mlllslonea of various diameters, as practiced in Giral 
Britain fur grinding wheat, where no exhaust or combined blaet mi 
exhaust arc used. The table is compiled from the opinions of Eamaol 
the most auceeasful engineers and miil-wrighta in the kingdom: 
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In commenting upon and in further explanation of this table, 
above named journal says that with reference to the figures, there ex 
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»me cUfference of opinion, and subjoins the ideas of a Scotch engineer 
id millwright of considerable experience and influence, who claims 
tat there should be only four standard diameters of millstones, viz: 
3 ft. 3 ft. 6 in. 4 ft. 4 ft. 6 in. 

The speed should be 170 revolutions for the 3 ft., 155, 135, and 115 
>r the remainder respectively ; and he estimates that all these sizes 
onld each absorb six indicated horse power to grind four bushels of 
heat per hour. Thus a 3 ft. millstone, running 170 revolutions per 
linute, would take as much power, and will grind as much per hour, 
J a 4 ft. 6 in. running at 1 15 revolutions per minute, the only difference 
^ing that the 3 ft. millstone would require to be more frequentlv 
pessed. The correspondent adds that he thinks it could be very much 
nipllfied by taking the 4 ft. stone, running at 135, as the standard, and 

convinced, after 30 years' experience, that for grinding wheat (at any 
.te) this size and speed might be adopted universally, with superior 
suits as a whole, tnan by using the various sizes and speeds given in 
.e above. Regarding the speed, however, all mills should be 
instructed so that the speed of the millstones could be varied, when 
orking, either by driving each pair by a separate engine or by conical 
nims, as the vanous kinds of wheat, or even the state of the weather 
quires that the miller should have it in his power to vary his speed as 
i£ily as he can alter the feed. 

While the foregoing table, with the modifications suggested by the 
^otch engineer, may be applicable in cases where good, economical 
igines, which work fully up to nominal horse power are used, it would 
11 far short in its application to many turbines manufactured at the 
•esent time. The latter are fi-equently tabled for much higher power 
an can be realized from them, and by no possible means can they be 
ade to work beyond their normal or stated power, while an engine 
m readily and easily be made to do so by a small increase of pressure 
• piston speed. Again, water wheels which are capable of working 
Jarly or quite to their nominal power are very often, — perhaps in a 
ajorily of cases, — so put into operation as to prevent them from doing 
^en whac they should, were they more favorably situated and attached 
' the work. 

In a note upon the blast and exhaust the Miller says : 
" It is stated by some parties favorable to the combined Blast and 
xhaust that, by the adoption of that system, a saving of power is 
Bfected, and that eight bushels of wheat can be ground by six-horse 
ower. The power, however, being unlimited, the quantity ground can 
3 increased almost indefinitely, in the above proportion, according to 
le weight of the millstone, sixteen bushels per hour often being 
round on this system. The application of the Exhaust, drawing the 
T through the eye of the running millstone, does not produce a 
•eater current than that of atmospheric pressure, the millstones grind 
»mewhat faster, and there is a corresponding amount of economic 
)wer, the millstones working more freely. Many advantages in this 
spect result ft'om the adoption of the simple Eidiau^il, W^'vci^ ^^t *Vui^ 
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object the removal only of the stive irom the millstone case." 

The same joarnal also adds, with reference to reckoning the draught, 
that it has been the custom of millers usually to reckon the draught 
from the back edge of the furrow, while millstone makers calculate 
from the fore edge. The latter, it states, is now becoming a rule in the 
trade. 



CHARACTERISTICS OF VARIOUS WOODS. 

The following is a general statement of the commercial value and 
properties of the better known woods : 

ElasticitjT. — Ash, hickory, hazel, lancewood, chestnut (small,) yew, 
snakewooa. 

Elasticity and toughness. — Oak, beech, elm, lignum-vitae, walnut, 
hornbeam. 

Even ^ain (for carving or engraving). — Pear, pine, box, lime tree. 

Durability (in dry works). — Cedar, oak, poplar, yellow pine, chestnut. 

Building (ship-building). — Cedar, pine, (deal), fir, larch, elm, oak, 
locust, teak. Wet construction (as piles, foundations, flumes, etc.) — 
Elm, alder, beech, oak, plane tree, white cedar. House building. — 
Pine, oak, whitewood, chestnut, ash, spruce, sycamore. 

Machinery and millwork (frames). — Ash, beech, pine, elm, oak. 
Rollers, etc. — Box, lignum-vitae, mahogany. Teeth of wheels. — Crab 
tree, hornbeam, locust. Foundry patterns. — Alder, pine, mahogany. 

Furniture (common). — Beech, birch, cedar, cherry, pine, whitewood. 
Best furniture. — Amboyna, black ebony, mahogany, cherry, maple, 
walnut, oak, rosewood, satinwood, sandalwood, chestnut, cedar, tulip 
wood, zebra wood, ebony. 

Of these varieties, those that chiefly enter into commerce in this 
country, are oak, hickory, ash, elm, cedar, black walnut, maple, cherry, 
butternut, etc. 



TO FIND THE SOLID CONTENTS OF TIMBER 

ROtND TIMBER. 

When all the dimensions are in foei. 
The length multiplied by square of i of the mean girth gives the 
number of cubic feet. 

When length in foei, girth in inches. 
Multiply as above, and divide by 144. 

When all dimensions are in inches. 
Multiply as above, and divide by 1728. 

SQUARE TIMBER. 

When all dimensions are in foei. 
The length multiplied by the breadth multiphed by the depth ^vet 
the number of cubic feet. 
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When either dimensions are in inches. 
Maltiply as above and divide by 12. 

When any two of the dimensions are in inches. 
Multiplj as above, and divide by 144. 

Or use the folloioing table as shovm at foot of same. 

TABLE ONE-FOURTH GIRTHS. 



J Girth 
in inches. 



8 



10 



11 



12 



Area in 
Feet 

250 
.272 
.294 
.317 
.340 
.364 
.390 
.417 
.444 
.472 
.601 
.631 
.662 
.694 
.626 
.669 
.694 
.730 
.766 
.803 
.840 
.878 
.918 
.959 
1.000 



i Girth 
in inches. 



16 



16 



Area in 
Feet. 

1.04 
1.08 
1.12 
1.17 
1.20 
1.26 
1.31 
1.36 
1.41 
1.46 
1.61 
1.66 
1.61 
1.66 
1.72 
1.77 
1.83 
1.89 
1.94 
2.00 
2.06 
2.12 
2.18 
2.26 
2.37 



t Girth 
in inches. 



19 

20 ' 

\ 
21 

22 



23 

\ 
24 

25' 

26' 

27' 

28' 

\ 

29' 

\ 

30' 






J 






Area in 
Feet. 



2.50 
2.64 
2.77 
2.91 
3.06 
3.20 
3.36 
3.61 
3.67 
3.83 
4.00 
4.16 
4.34 
4.61 
4.69 
4.87 
6.06 
6.26 
6.44 
6.64 
6.84 
6.04 
6.25 



The area corresponding to the \ girth in inches multiplied by the 
length in feet gives solidity in feet and decimal parts for either square 
or round tiinber. 

For Bound Timber take the mean girth. For Square Timber take 
tlie side, which in practice corresponds with \ of the girth of Round 
Timber. 



COMPOSITION FOR COVERING BOILERS. 

A composition for covering boilers, steam pipes, etc., cheap and said 
to be effective is made as follows : The surfaces are covered with 
sawdust mixed with flour paste. If the paste is not very liquid, die 
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CTRK IBAIX 13 THK SAMS :X T-XOV. A.»'3TH»CA»rSS AJCIJ ATOCXDrPOIS W« 

The standard avo"ipiTip«;>ii ptoim-i is the weight of 2*-T01 
inches of dLnilled water weLzheii in the air. at 35. So degree 
barometer at 30 laches : 

37 143 grains equals i -ira:h.:n.. 
drachns. oza. Ibi. qrs. cvt&. uxi. 



I eqiials 
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-SCJ'i 


«'l- 


.000139 
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16 
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.-XOTJ 
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3)6 
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•'357 
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iW7» 


1793 
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■ ft 


57M4« . " 


35840 


If 


2340 
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4* 


3o 


• • 



>35 eq. .00000x74 e<] 

.000533 ** jOOoooS 

.00893 " -000447 • 

.13 "' .0x35 * 

I '• .05 

20 " X 
A «eon< equals 14 pounds. A quiacal equals xoo pen 

• TROT WEIGHT. 

P [rom GOLD, SILVER AND PRECIOUS METALS.] 

I grains. dwts. oxs. lbs, ^^ 

^ I equals .04167 equals .ooaoS equals .0001736 equals .< 

f 34 " I " .05 " .004167 " X.' 

Z 4JJ0 " ao " X " .0833 " 31. 

P 5760 "240 " 12 " X. " 373.: 

. 17c Ibf. Troy equals 144 Avoirdupois. 

^ hM. Avoirdupois X .82286 equals lbs. Troy. 

2J Lbs. Troy X 1 2153 *' " Avoirdupois. 

^ The jewelers carat is equal, in the United States, to 3.2 grains ; in Lond 

crain* ; in Paris, to 3.18. 
Pure «o1d i» worth $20.67 per oz. Troy, or $18.84 P«r 02. Avoirdupois. 
" 5wer " «-36 " " 1.24 

ftunaardsoid ;; 18.60 ;; ;; 16.96 ;; 

It silver " X.235 1. 1 17 " 

APOTHECARIES* WEIGHT. 
[UNITED STATES AND BRITISH.] 

*;fc,tpie. ;*d"«ilme<,«ri.«ogr.. 

1 J -tl- .ounce " 84 scruples equals 480 grs. 

i drachms ounce ^^ ^ ^^^^^^ h.. j^^ s^^^ ^ 

In TrSy tnd A,J,Se.' weigS^ ounce, and pound are the 
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FRENCH WEIGHTS. 
[bquivalbnt in avoirdupois.] ^ 



i^ramme 

fci j^ranune . .. . . . 

igramme 

mme .. 

agramme^^ .. 
togrammc... 
•gramme ..^ 
lOgrammcM .. 

ntal 

ier or Tonne. 



Grains. 



.015433 
•154331 
«-5433i 
15.4331 
I54«33« 
X543-3* 
X5433.« 



•••••••• 



Ounces. 



Pounds. 



.000352 


.000022 


.003527 


.000220 


.035275 


.002204 


•352758 


.022047 


3.52758 


.220473 


35.2758 


2.20473 


352.758 


22.0473 


3527-58 


220.473 


352758 


2204.73 



Tons 
2240 lbs. 



.OOOOQo 
.000984 
.009843 
.098425 

.984257 



cxtbic measure. 

Inches. Feet. Yard. Cfb. Metres. 

1 equals .0005788 equal .000002144 equal .000016386 
1728 " 1 " .03704 " .028315 

46656 " 27 " 1 " .764513 

i cord of wood equals 128 cubic feet, being 4 feet high, 4 feet wide, 

d 8 feet long. 

12 cubic feet equals a ton of shipping. 

A. cubic foot is equal to 



8 cubic inches. 

7037 cubic y2rd. 

3564 U. S. struck bush, of 2x50.42 cubic 

nches. 

1426 U. S. pecks. 

8052 " Iiq. galls, of 231 cubic in. 

2851 " dry galls. 



29.92208 U. S. liquid quarts. 
25.71405 " dry " 

59.84416 " liquid pints. 
51.42809 " dry 
239.37662 " gills. 

.26667 flour bbl. of 3 struck bush. 

.23748 U. S. Iiq. Kbl. of 31^ gallons. 



lis. 
4 equal 

8 

'4 
[6 

H 



1 Pint. 

2 equal 
8 " 

336 " 

S04 

672 
Z008 
2016 " 



«« 
«< 
«« 



LIQUID MEASURE. 



z Quart. 

4 equal i Gallon. 
z68 " 42 equal z Tierce. 
252 " 63 " t% equal i Hogshead. 
336 " 84 " 2 " iM equal z Puncheon. 

504 " Z26 "3 "2 " 1% equal i Pipe. 

1008 " 252 6 "4 "3 "2 equal x Tun. 



Cylinders of the following sizes are closely approximating measures: 



t 



Height in 
Inches. 



Diameter in | 
Inches. 



3 

3% 
3 



z^ 
2'/ 

3% 



8uart 
allon 

10 Gallons 



Height in 
Inches. 



6 

6 

15 



Diameter in 
Inches. 

3% 
7 
14 



L cubic foot containa 7} gallons. 
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mixture being used in the form of moderately stiff dough, and the 
surfaces of the boilers or pipes have been well cleaned from^rease, the 
adhesion is perfect and the material is free from cracks. Five layers 
of this composition are recommended, each about one-fifth of an inch 
thick. It is said that 1 inch of this composition will give better results 
than double that amount of the materials usually employed, The 
paste is composed of rough flour without the addition of starch. The 
mixture can be applied without a trowel, and, if there is much 
exposure, two or three coatings of tar will render the composition 
impervious to water. Copper tubes should first be treated to a hot 
liquid solution of clay, so as to increase the adhesion- of the sawdust 



WEIGHTS AND MEASURES. 

AVOIRDUPOIS WEIGHT. 
[tub grain is the same in troy, apothecaries and avoirdupois wbigrts.] 

The standard avoirdupois pound is the weight of 27.7015 cubic 
inches of distilled water weighed in the air, at 36.85 degrees Fahr., 
barometer at 30 inches : 

37.343 grains equals i drachm. 

drachms. ozs. lbs. qrs. cwts. ton. .~:S^ 

^ g^rammes. 

z equals .0625 eq. .0039 eq. .ocx>X39 eq. .000035 eq. .00000x74 eq. 1.77x846 



x6 

256 

7x68 

28672 

573440 



I " .0625 '' .00223 " .000558 '* .000028 •* 38.34954 

x6 " I " .0357 '• .00893 " .000447 " 453-59 

448 " 28 " I " .25 " .0x25 " X3700 

1792 " 112 "4 " I " .05 " 50803 

358A0 " 2240 " 80 "20 " X ** 10x6040 

A stone equals X4 pounds. A quintal equals xoo pounds. 

TROY WEIGHT. 
[for gold, silver and precious metals.] 

grains. dwts. ozs. lbs. .^fJl^fr 

** grammes. 

X equals .04167 equals .00208 equals .0001736 equals .0648 

24 " I " OS " .004x67 " X.5S5 

480 " 20 *' X " .0833 •• 31.1035 

5760 " 240 *' . 12 " '• " 373-a4a 

X75 lbs. Trov equals 144 Avoirdupois. 
Lbs. Avoirdupois X .82286 equals lbs. Troy. 
Lbs. Troy X 12x^3 " ^ ** Avoirdupois. 

The jewelers carat is equal, in the United States, to 3.2 grains; in London, to 3.X7 
grains; in Paris, to 3.X8. 
Pure gold is worth $20.67 P^^^ or. Troy, or $18.84 P*' oz. Avoirdupois. 

•' silver " X.36 " '^ 1.24 

Standard gold " x8.6o " " 16.96 

silver " X.225 " " 1. 117 •' 

apothecaries' WEIGHT. 

[united states and BRITISH.] 

20 grains x scruple. 

3 scruples x dracnm equals 60 grs. 

8 dracnms x ounce " 24 scruples equals 480 grs. 

12 ounces x pound^ " 06 drachms *' 288 scruples equals 5760 grs. 
In Troy and Apothecaries' weignts the grsdn, ounce, and pound are the same. 
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FRENCH WEIGHTS. 
[equivalent in avoirdupois.] 





Grains. 


Ounces. 


Pounds. 


Tons 
3340 lbs. 


Milligramme 

Centigramme 

Deci^amme 


.015433 
.154331 
I-5433I 
15.4331 
t54.33« 
1543.31 
XS433-I 








.000353 
.003527 

.035275 
.352758 
3.52758 
35.2758 
352.758 
3527.58 
35275.8 


.000022 
.000220 
.002204 
.022047 
.220473 

2.20473 
22.0473 

220.473 

2304.73 






Gramme 




Decagramme 

Hectogramme 

Kilogramme ....m.. 
Mynogramme 




.000843 
.00843 < 


Quintal 




Millier or Tonne. ... 




.984257 



cubic measure. 

Inches. Feet. Yard. Cub. Metres. 

1 equals .0005788 equal .000002144 equal .000016386 
1728 " 1 " .03704 " .028315 

46656 " 27 " 1 " .764513 

A cord of wood equals 128 cubic feet, being 4 feet high, 4 feet wide, 
and 8 feet long. 
42 cubic feet equals a ton of shipping. 

A cubic foot is equal to 

39.92208 U. S. liquid quarts. 



Z728 cubic inches. 

.037037 cubic y2rd. 

.803564 U. S. struck bush, of 2x50.42 cubic 

inches. 
3.3x436 U. S. pecks. 
7.48053 " liq. galls, of 33 X cubic in. 
6 4385X " dry galls. 



dry 

liquid pints. 



25.71405 
59.84416 • 
51.42809 " dry 
239-37662 " gills. 

.26667 flour bbl. of 3 struck bush. 

.23748 U. S. liq. Kbl. of 31^ gallons. 



Gills. 

4 equal 

8 " 

32 " 

1314 " 

20x6 " 

2488 " 

4032 

8064 



<( 



X Pint. 
2 equal 
8 

336 

504 

672 
X008 
2016 " 



II 
II 

u 
** 



LIQUID MEASURE. 



I Quart. 

4 equal i Gallon. 
168 " 43 equal i Tierce. 

252 ** 63 " x% equal i Hogshead. 

336 " 84 " 2 " \% equal x Puncheon. 

504 " X26 "3 "2 "15^ equal i Pipe. 

1008 " 252 6 " 4 "3 "2 equal x Tun. 



Cylinders of the following sizes are closely approximating measures : 



Gill 

% Pint 
Pint 



Height in 
Inches. 



3 , 
3f6 
3 



Diameter in 
Inches. 



2>X 

2% 



8uart 
allon 

[ixo Gallons. 



Height in 
Inches. 



6 

6 

15 



Diameter in 
Inches. 

354 
7 
14 



A cubic foot contains 7} gallons. 
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WEIGHTS AND MEASUBES: 



DEY MEASURE. 

The Standard Bashel contains 2150.42 cnbic inches, or 77.627013 
pounds avoirdupois of pure water at maximum density. Its legal 
dimensions are 18^ inches diameter inside, 19} inches outside, and 8 
inches deep, and when heaped, the cone must be 6 inches high, making 
a heaped bushel equal to 4^ struck ones. 

Pints. Quarts. Gallons. Pecks. Bushels. Cub. Inches, 

equal z equal .250 equal .125 equal .03x5 equal 67.3 



8 " 4 ^* X " .5 " .125 " a68.8 

z6 " 8 " 2 " X " .25 " 537.6 



64 



32 



« 



8 



2x50.43 



LOXO MEASURE. 















French 


Inches. 


Feet. 


Yards. 


Fath. Poles. 


Furlong. 


Mile. 


Metres. 


z 


.083 


.02778 


.0139 


.005 


.000x26 


.0000158 


.0254 


Z2 


z 


•333 


.X667 


.0606 


.00x51 


.000x894 
.000568 


.3048 


36 


I 


z 


5 


.182 


.00454 


.OX4X 
Z.8287 


72 


2 


X 


.364 


.009 X 


.001x36 


X98 


16% 


5% 


»K 


X 


.025 


.003x25 


5.029Z 


7920 


660 


220 


xxo 


40 


z 


.X25 


2ox.z6 


63360 


5280 


X760 


880 1 320 


8 


t 


Z60Q.3I5 



A palm equals 3 inches. A span equals 9 inches. 

A hand " 4 " A cable's length equals 120 fathoms. 

SQUARE MEASURE. 



Inches. 


Feet. 


Yards. 


Perches. 


Roods. 


Acre. 


Square 
Metres. 




.00694 

z 

9 , 
2723^ 

X0890 

43560 


.000772 

.IXX 

3o}i 

X2IO 
4840 


.0000255 

00367 

•0331 

X 

40 
x6o 


, 




.000045 

.0929 

.8361 

25.29a 

X0XX.7 

4046.7 


z 

X44 

1296 

39*04 
1568x60 

6272640 


.00000004 
.0000918 
.000826 
.025 

z 
4 


.000000x59 

.000023 

.000206 

.00625 

.25 

X 



100 square feet equal 1 square. 
1 chain wide " 8 acres per mile. 
10 square chains 
1 hectare 



(< 



(( 



1 square mile 



(:: 



Acres x .0015625 " 
Sq. yds. x .000000323 " 



1 acre. 

2.471143 acres. 
27878400 sq. feet. 
3097600 sq. yds. 
640 acres, 
square miles, 
square miles. 



A section of land is 1 mile square, and contains 640 acres. 
A square acre is 208.71 feet at each side. 

} " 147.58 " 

i " 104.355 " 
A circular " 235.504 feet in diameter. 

J " 166.527 

J " 117.752 



It 






i( 



(( 



WEIGHTS AND MBASURES. 
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SURVEYING MEASURE. 
(linear.) 















French 


Inches. 


Links. 


Feet. 


Yards. 


Chains. 


MUes. 


Metres. 


z 


.126 


•0833 


.0278 


.00126 


.0000Z58 


.0354 


7.9a 


z 


.66 


.22 


.oz 


.000Z25 


.30Z3 


72 


X.515 


z 


•333 


.01515 


.oooz8o 


.3048- 


36 


4.545 


2 


z 


.04505 


.000568 


.9144 


792 


zoo 


66 


22 


z 


.OZ2S 


20.ZZ6 


63360 


8500 


5280 


Z760 


80 


z 


1600.375 



1 knot or geographical mile equals 6082.66 feet, or 1854 metres^ 

or 1.152 statute mile. 
1 Admiralty knot equals 1.1515 statute miles, or 608Q feet 



FRENCH LONG MEASURE. 





Inches. 


Feet. 


Yards. 


Miles. 


Millimetre 


•03936 
•39368 
3.9368 
39-368 
393-68 
3936.8 
39368. 


.00328 
.03280 
.32807 
3.2807 
32.807 
328.07 
3280.7 
32807. 


.00Z093 
.010935 
.109357 
1.09357 
10,9357 
109.357 
1093-57 
10935.7 




Centimetre 




Decimetre 




Metre „ 

Decametre 


.00062Z3 
.0062734 


Hectometre.. 


.0621^47 


Kilometre 


«62I1476 


Myriametre 


6.2Z3476 



FRENCH CUBIC OR SOLID MEASURE. 



Centilitre, 

Dry 

Liquid 

Decilitre, 

Dry.. 

Liquid..; 

Litre. 

Dry.. 

Liquid, 

Decalitre, 

Dry 

Liquid 

Hectolitre, 

Dry 

Liquid... 
Kilolitre or Cub. 
Metre, 

Dry. 

Liquid 

Myriohtre, 

Dry.. 

Liquid 



Gill. 



.0845 



.8452 
8!452 



84.52 



Pint. 



.0x81 

.02ZX 

.i8z6 
.2x73 

Z.816 
2.113 



2Z.Z3 



2ZZ.3 



Quart. 



.0908 
.1056 

.908 
Z.056 

9.08 
Z0.56 

90.8 
Z05.6 



Z056.5 



10565. 



Gallon. 



.0264 



.264 z 



2.64Z 
26.4Z 



264. z 



264X.4 



Peck. 



.0ZZ3 



.1135 



1.135 
11.35 



••••••••••«• 



X13.S 

• ••••••4 

X135. 



Bushel. 



.2837 



2.837 



28.37 

•• • •••••• 

283.7a 



Cubic 
Inches, 



.61016 

6.10x6 

61.016 

6x0.165 

6x07.6 

6x0x6. 



Cubic 
Feet. 



.0353 
•3531 
3.531 

35.31 
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FB0PERTIE8 OF THE CIRCLE. 





FRENCH 


SQUARE MEASURE. 








Inches. 


Feet. 


Yards. 


Acres. 


MUes. 


Sq. Millimetre 

*' Centimetre 


.00x54 1 .0000107 
.i<;4o8 .0010761 


.ooooox 
.000119 

.011958 
I. 19589 
119.589 
11958.9 

X 195890 






..•.•••..«••••••.. 




** Decimetre 


15.498 
X54O.8 


.1076305 

I0.76'?0^ 






" Metre or Centiare.. 


.000247 
.034709 
2.47086 
247.086 
3470.860 




" Decametre or Are. 


154080 . 1076. "lO? 




" Hectare 


_._- 


107630.5 
10763050 






'• Kilometre ; 

'* Myriametre | 


.38607 
38.607 



PROPERTIES OF THE CIRCLE. 

Diameter multiplied by 3.14159, equals circumference. 

Diameter multiplied by .8862, equals side of an equal square. 

Diameter multiplied by .7071, equals side of an inscribed square. 

Diameter* multiplied by .7854, equals area of circle. 

Radius multiplied by 6.28318, equals circumference. 

Circumference divided by 3.14159, equals diameter. 

The circle contains a greater area than any plane figure bounded by 
an equal perimeter or outline. 

The areas of circles are to each other as the squares of their 
diameters. 

Any circle whose diameter is double that of another contains four 
times the area of the other. 

Area of a circle is equal to the area of a triangle whose base equals 
the circumference, and perpendicular equals the radius. 



CEMENT FOR LEATHER BELTING. 

Take of common glue and American isinglass, equal parts; place 
them in a boiler and add water sufficient to cover the whole. Let it 
soak 10 hours, then bring it to a boiling heat, and add pure tannin until 
the whole becomes ropy or appears like the white of eggs. Apply it 
warm. Buff the grain off the leather where it is to be cemented; rub 
the joint surfaces solidly together, let it dry a few hours, and it is ready 
for practical use ; and, if properly put together, it will not need riveting, 
as the cement is nearly of the same nature as the leather itself 



CEMENT FOR STOPPING JOINTS. 

A cement which g^rows hard by exposure and resists heat, cold anct 
water, is made by mixing white lead in oil with enough white sand t^;>^ 
Ve a stiff paste. ^^ 
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ON COUNTERBALANCING RECIPROCATING PARTS. 

[by prop. S. W. ROBINSON, IN LEPFEL NEWS.] 

A weight is often attached to a crank-wheel opposite the crank-pin, 
or upon an over-reaching arm of a crank for the purpose of quieting 
the vibrations of a jig-saw, or of the piston, cross-head, etc., of an 
engine. Many times the experimenter, after trying different weights, 
has wondered why his best attainable result was so far from being 
satisfactory. 

The reason why the result was so disappointing is, that it is simply 
not possible to perfectly balance a reciprocating piece by a rotating 
piece. This is owing to the fact that the reciprocating piece gives a 
jerk at each end of its stroke, and in the line of the stroke, while the 
rotating piece throws out all around, with a constant centrifugal force. 
The counter-weight may be such as to produce nearly a perfect balance 
in one direction, say in line of the reciprocation; or it majr have 
another weight such as to balance the mechanism in a direction at 
right angles to reciprocation. Advantage should be taken of this fact, 
and the mechanism so counter-weighted as to adapt it for its particular 
location when set up. 

For instance, if a jig-saw is to stand on a tall brick pier, it should be 

counterbalanced so as to give no horizontal shake. Then the pier 

and the earth will easily resist the vertical jerks, while horizontally 

there will be none to shake the pier to pieces. Again if the jig-saw is 

to be set up in the middle of a broad floor, in a second story of a 

building, where it is not convenient to place a prop under it, and 

where the floor is well secured all around to the brick walls of the 

building, the horizontal thrusts have but little effect in vibrating the 

i>rick walls, or even wooden walls, while the vertical ones may shake 

the floor badly. In the first instance a light weight is needed, and in 

the last, a heavier one. Builders of machinery in which large recipro- 

ca,ting parts predominate, should send with the machines a weight for 

each condition of counter-balance. 

High speed engines should be counter-balanced so as to give no 
"Orizontal jerks. A crank for a horizontal engine should be differently 
^counter-balanced from a vertical one. 

If two equal reciprocating parts play in lines at right angles to each 
^>tlier, receiving motion from the same crank-pin, the crank can be so 
^c>unter-weighted as to very nearly exactly balance the parts. The 
^ounter-weight in that case should be as heavy as each reciprocating 
^^rt, plus about half the weight of one pitman ; provided the center of 
^^^vity of the weight be at the same distance from the axis of the 
^J^nk-shaft as the crank-pin is. But if this distance be half that of 
•^G crank-pin, the weight should be twice as great, etc. 

N"ow, if one of these reciprocating parts be removed, say that playing 
^^ a vertical line, then the mechanism will jerk badly vertically, but 
^^U remain in balance horizontally. To make it balance v^x^x^AVj '^ 
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Ti* fi\"r-:: :" r^^-.i:.-; -.ie sj^eed of steam eng 
e*p*-;:al.T -i; jr ti_l :>. ::: : Ir; -m^iaaees and ihe nat 
10 i-c I'iTZ.rz.rri ire '.:»:> :■:• K'usiani chance, ha 
pr-:---'.T: :. .■ ..::.r i"-:::'.: li fT^:=: er.zineers and practie 
ii a r^-->» T^r. .f k.:. :* uf c: Trrr. :-rs bare been intitxi 
1^ 5a:-r :o sAT iLi! ::..5 drvijr Li^ a':«~;'rl'ed more thou£ 
2. ■rrar.ei.'.li.a oi :"Lrr ii:»n c-f xr.rc-r.a::ie5 than any otfa 
e:ea:n ei:^:Le. In I'r.e ■■rilr-irr covrr:ii»r the princ 
appar£k:.;3 c-.^iisiiits of a yix'.T xjiz^.'.s revolving lound a 
epiii'i.e driven hy a triiin of ciechariism. generally mi 
caus'-s ih»:'.r aa^r-lar vt:iitc::y of revolution to bear a fi 
veio«.;:y of the prime mover. The rods of the pendal 
selves at an angle with the vertical axis, so that the co: 
the ptrii'iuiiims is that corresponding to the numbe: 
second. The regulator must be so adjusted as to 1 
position for supplying the proper amount of power wh 
rods are at the angle of inclination corresponding to t 
of the machine. Wlien the speed deviates above or be 
the outward or inward motion of the pendulum-ro 
spindle, so as to open the valve when the speed i&too 1 
when it is too high. 

In the attainment of this object the principle of cen' 
embodied in the old fly ball governor of Watt has beei 
to than any other, but asiofe from this, the govern< 
improved, altered, and reconstmcted, since his time, 
unrecognizable, hot stiTl the old principle is there an 
prominent defects which so materially interfere with its 



STEAM ENGINE GOVERNORS. 251 

fiTSt of these is friction which arises from the joints, and is caused by 

swinging the balls or weights by the short end of the arm or lever to 

which they are attached. The second defect is due to the fact that the 

balls, as they assume different positions in keeping with the speed with 

which they revolve, are obliged to rise and fall. This is necessary in 

order that the resistance which the weights offer to centrifugal force 

should constantly increase ; if it did not so increase, the weights, 

when once started from their position of rest, would instantly 

go to the extreme limit of motion. The rising of the balls 

shortens the distance which they are allowed to move for a 

given variation by springing the centers of ball and arm on 

which they swing into a straight line, so that a variation which moves 

the balls a given distance upward, if it occurs again, will not move 

them nearly so far in the same direction. Again the same force that 

Would support the balls in any plane would not raise them to that plane 

from a lower one. So between friction which destroys the delicate 

power that the balls assume under a slight change and the necessity 

lor a large change to overcome their inertia, it is almost impossible to 

attain a degree of regulation which would be equal to all requirements. 

Governors when attached to throttle valves, work under circumstances 

that necessitate the use of openings for the passage of the steam that 

are too smalf in area, so much so that the useful effects of the steam 

are considerably diminished, on which depends the ill repute of 

throttling engines as compared with those which regulate by governor 

controlled valve motions or variable cut off. If the valve of a governor 

has too large openings, it will, owing to the unsteady action of the 

governor, admit too large a quantity of steam, and cause a jumping of 

the engine; then, in trying to shut off this extra amount, it shuts it all 

off; in fact the governor can not fix it exactly right, being incapable of 

delicate changes. This difficulty is best met by making the openings 

lU the valve of peculiar shape so that they will open and close in a ratio 

different from that of the governor. With a governor that would run 

perfectly up to theory, and be steady and capable of taking a position 

iti keeping with the speed, and not leaving it without a change in speed, 

^ very large area might be used, and the useful effects of the steam 

"^ould not be impaired, neither would there exist a necessity for large 

^lianges in speed to get the required opening and closing of the valve. 

^he extra amount of steam required to drive a heavy addition of load 

^li an engine is surprisingly small, provided that the engine can get the 

^ti^am at the very instant the load is applied, and before the momentum 

^C the machinery becomes much reduced; but let the engine once get 

*^^low speed the circumstances will be very different, as even without 

^Xiy load the engines would take some time to come to speed. 

The third defect in governors on throttling engines is that the spindle 
'^^ valve-stem has of necessity to pass through steam tight packing or 
^"^uflSng boxes, which have to be screwed up to prevent leakage, without 
^^y guide save the judgment of the engineer, which increases the 
^■^*iction, and interferes with the free action of the governor, Tket^ vi 
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•Iso the frictiun on the governor ralve necessa 
power required to move the valve-stem through all 
boxes, fsuidcs. etc.. under the pressure of steam, 
construct a ^uviTmir fur throttling engines which 
practice what th«'ury would demonstrate, the flj 
govt* nu)r wuuM U* a pi-rft-ct r«'^uIator, but this a 
mcchanicul luw.s tu )m: impossible. By the use of is 
which wuuld not admit of any variation of spec 
equilibrium at uny h|H*t'd. whether the balls were u| 
uther ])usitiun, the detects of the common governs 
be obviated, but it was found by experience that 
were nece-^sary, and i.suchronism in its strict sense 
The economy of a good governor has rarely 1 
owners of 8t«'um en>;ines and steam users. Experi 
speed best adapted for each and every process in th 
mechanical arts, and the governor that fails to 
requirements of each process is of no value in an * 
view. Every stroke which an engine makes beh 
increases the cost of production, and every stroke ; 
steam and consequently of fuel. If an engine is { 
revolutions per minute, when a hea\'y piece of mac 
the governor admits of an increase of speed of f 
tions per minute. This incurs a waste of power, 
waste of from 12 to 20 per cent of fuel. On the 
heavy piece of machinery is thrown on, the goverr 
to lag behind its regular speed by from 10 to 15 str 
increas(>s the cost of production. If a governor 
worthless; if reliable its cost is merely a nominal C( 
are many processes, such as milling, weaving deli< 
from small type, or the very accurate turning of fii 
good governor is of immense value. Unfortunate' 
the mechanical arts no governor yet invented, has i 
requirements, or the varied circumstances und 
employed. 



PROPOKTIONS OF JOURNALS AND ! 

As the proper proportion of a journal has much 
and smooth operation of shafting, it will be wc 
experittnce has taught on this subject. Theelemei 
the proportions of a journal is the extent of pr 
surfaces of metal can be brought together without 
of either, so that when the surface of a journal 
prcHSuro it sustains as to preserve a free and easy 
surface of the journal and the boxing, and thus a 
the parts, we may say that the journal is properly j 

From various experiments it has been found thai 
pounds per square inch the limit has been r^dcWd. 
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without great wear or undue heating. A pressure of 240 
per square inch can be borne l^ the toes of vertical shafts, but 
y when provided with a base of the finest quality of metal upon 
. turns, as well as the use of the best lubricant and the careful 
n of all dust and fine ^ttv matter. Even under these 
tances it is difficult to avoid the heating of the toe to some 

A general rule deduced from extended experience would give 
iron shafts a length of journal one and one-half the diameter 
baft, and for wrought iron shafts one and three quarters the 
r. This rule, it must be understood, applies onlv on the 
n that a proper bearing surface is provided in the boxing, 
en boxes with a lining of sheet brass or copper have been 
:ly used, which almost always give serious trouble bj heating, 
lej are required to sustain other than a very moderate pressure, 
iculty is obvious. The heat generated between the surfaces of 
%l is prevented from passing off by reason < f the non-conductinc 
»f the wood. The temperature is thus gradually raised by small 
msible increments of heat until it reaches a point wnere it 
bhe lubricating substance from between the surfaces, and a 
destruction of the box ensues. A wooden box without this 
ill be found in practice much preferable, as by reason of its 
- it will absorb a lar^e amount of lubricating substance, which 
L off at the slightest increase of heat, thus at once arresting a 
ievelopment of heat in the journal. It would therefore seem 
1 that a box should contain a reasonably large amount of metal, 
bhe heat produced by the friction of a journal may be rapidly 

through its mass and carried away hj radiation. The box, 
e, should never contain a less amount of'^metal than is contained 
oumal it is designed to support Even a larger amount may be 
red essential to a proper proportion. 



MEASUREMENT OF WATER IN PIPES. 

e 1 inch in diameter and 1 yard long will contain 28.26 cubic 
)f water, or about one pound in weight The capacity of a 
ureases in the ratio of the square of its diameter — that is to say, 
I inches in diameter contains four times as much, and one 3 
n diameter nine times as much, as a pipe 1 inch in diameter, 
.ctical rule, therefore, fbr finding the quantity of water in a pipe 
given diameter, is as follows, and is sufficiently exact for all 
y requirements in mill work : 

*e the diameter of the pipe in inches, and the product is the 
of pounds weight of water in one yard of the pipe. As a 
)f water weighs about 10 pounds, divide the number of pounds 
vhich is done by shifting the decimal point one place to the 
d tiie result is the number of gallons of water in one yurd of 
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ON COUNTERBALANCING RECIPROCATING PARTS. 

[by prop. S. W. ROBINSON, IN LEPPEL NEWS.] 

A weight is often attached to a crank-wheel opposite the crank-pin, 
or upon an over-reaching arm of a crank for the purpose of quieting 
the vibrations of a jig-saw, or of the piston, cross-head, etc., of an 
engine. Many times the experimenter, after trying different weights, 
has wondered why his best attainable result was so far from being 
satisfactory. 

The reason why the result was so disappointing is, that it is simply 
not possible to perfectly balance a reciprocating piece by a rotating 
piece. This is owing to the fact that the reciprocating piece gives a 
jerk at each end of its stroke, and in the line of the stroke, while the 
rotating piece throws out all around, with a constant centrifugal force. 
The counter-weight may be such as to produce nearly a perfect balance 
in one direction, say m line of the reciprocation; or it may have 
another weight such as to balance the mechanism in a direction at 
right angles to reciprocation. Advantage should be taken of this fact, 
and the mechanism so counter-weighted as to adapt it for its particular 
location when set up. 

For instance, if a jig-saw is to stand on a tall brick pier, it should be 
counterbalanced so as to give no horizontal shake. Then the pier 
and the earth will easily resist the vertical jerks, while horizontally 
there will be none to shake the pier to pieces. Again if the jig-saw is 
to be set up in the middle of a broad floor, in a second story of a 
buildins;, where it is not convenient to place a prop under it, and 
where the floor is well secured all around to the brick walls of the 
building, the horizontal thrusts have but little effect in vibrating the 
brick walls, or even wooden walls, while the vertical ones may shake 
the floor badly. In the first instance a light weight is needed, and in 
the last, a heavier one. Builders of machinery in which large recipro- 
cating parts predominate, should send with the machines a weight for 
each condition of counter-balance. 

High speed engines should be counter-balanced so as to give no 
liorizontal jerks. A crank for a horizontal engine should be differently 
counter-balanced from a vertical one. 

If two equal reciprocating parts play in lines at right angles to each 
other, receiving motion from the same crank-pin, the crank can be so 
counter-weighted as to very nearly exactly balance the parts. The 
counter-weight in that case should be as heavy as each reciprocating 
part, plus about half the weight of one pitman ; provided the center of 
gravity of the weight be at the same distance from the axis of the 
crank-shaft as the crank-pin is. But if this distance be half that of 
the crank-pin, the weight should be twice as great, etc. 

Now, if one of these reciprocating parts be removed, say that playing 
in a vertical line, then the mechanism will jerk badly vertically, but 
will remain in balance horizontally. To make it balance vertleoll^ >i 



258 



CIRCUKFE&EKCS AlO) lltfiA OF CtBCLfiS. 



Dia. 


Circ. 


Area. 


Dia. 
69 


Circ. 
186.3 


Area. 
2733.9 


Dia. 


Circ. 


63 


166.6 


2206.1 


65 


204.2 




166.8 


2216.6 




185.7 


2745.5 




204.6 


, \ 


167.2 


2227.0 


^ 


186.1 


2757.1 




204.9 




167.6 


2237.5 




186.5 


2768.8 




206.3 


\ 


168. 


2248.0 




186.9 


2780.5 




205.7 




168.4 


2258.5 




187.3 


2792.2 




206.1 


\ 


168.8 


2269.0 




187.7 


2803.9 




206.5 




169.2 


2279.6 




188.1 


2815.6 




206.9 


64 


169.6 


2290.2 


60 


188.4 


2827.4 


66 


207.3 




170. 


2300.8 




188.8 


2839.2 




207.7 


\ 


170.4 


2311.4 




189.2 


2851.0 




208.1 




170.8 


2322.1 




189.6 


2862.8 




208.5 


\ 


171.2 


2332.8 




190. 


2874.7 




208.9 




171.6 


2343.5 




190.4 


2886.6 




209.3 


\ 


172. 


2354.2 




190.8 


2898.5 




209.7 




172.3 


2365.0 




191.2 


2910.5 




210. 


66 


172.7 


2375.8 


61 


191.6 


2922.4 


67 


210.4 




173.1 


2386.6 




192. 


2934.4 




210.8 


\ 


173.5 


2397.4 




192.4 


2946.4 




211.2 




173.9 


2408.3 




192.8 


295a5 




211.6 


\ 


174.3 


2419.2 




193.2 


2970.5 




212. 




174.7 


2430.1 




193.6 


2982.6 




212.4 


\ 


175.1 


2441.0 




193.9 


2994.7 




212.8 




175.5 


2452.0 




194.3 


3006.9 




213.2 


66 


175.9 


2463.0 


62 


194.7 


3019.0 


68 


213.6 




176.3 


2474.0 




195.1 


3031.2 




214. 


\ 


176.7 


2485.0 




195.5 


3043.4 




214.4 




177.1 


2496.1 




195.9 


3055.7 




214.8 


\ 


177.5 


2507.1 




196.3 


3067.9 




215.1 


M 


177.8 


2518.2 




196.7 


3080.2 




215.5 


} 


178.2 


2529.4 




197.1 


3092.5 




215.9 


^ 


178.6 


2540.5 




197.5 


3104.8 




216.3 


67 


179. 


2551.7 


63 


197.9 


3117.2 


69 


216.7 




179.4 


2562.9 




198.3 


3129.6 




217.1 


\ 


179.8 


2574.1 




198.7 


3142.0 




217.5 




180.2 


2585.4 




199. 


3154.4 




217.9 


\ 


180.6 


2596.7 




199.4 


3166.9 




218.3 


ji 


181. 


2608.0 




199.8 


3179.4 




218.7 


} 


181.4 


2619.3 




200.2 


3191.9 




219.1 


^m 


181.8 


2630.7 




200.6 


3204.4 




219.5 


68 


182.2 


2642.0 


64 


201. 


3216.9 


70 


219.9 




182.6 


2653.4 




201.4 


3229.5 




220.3 


\ 


182.9 


2664.9 




201.8 


3242.1 


\ 


220.6 




183.3 


2676.3 




202.2 


3254.8 




221. 


\ 


183.7 


2687.8 




202.6 


3267.4 


J 


221.4 




184.1 


2699.3 




203. 


3280.1 




221.8 


\ 


184.6 


2710.8 




203.4 


3292.8 


i 


222.2 




184.9 


2722.4 




203.8 


i 3^Q5.& 


\ 


I 11^.^ 



CIBCITMFEREKCB AKD AREA OF CIRCLES. 



259 



/ 



Circ. 


Area. 


Dia. 


Circ. 


Area. 


Dia. 


Circ. 


223. 


3969.2 


77 


241.9 


4666.6 


83 


260.7 


223.4 


3973.1 




242.2 


4671.7 




261.1 


223.8 


3987.1 




242.6 


4686.9 


\ 


261.5 


224.2 


4001.1 




243. 


4702.1 




261.9 


224.6 


4016.1 




243.4 


4717.3 


i 


262.3 


225. 


4029.2 




243.8 


4732.5 




262.7 


225.4 


4043.2 




244.2 


4747.7 


\ 


263.1 


225.8 


4067.3 




244.6 


4763.0 




263.6 


226.1 


4071.6 


78 


245. 


4778.3 


84 


263.8 


226.5 


4086.6 




246.4 


4793.7 




264.2 


226.9 


4099.8 




246.8 


4809.0 


\ 


264.6 


227.3 


4114.0 




246.2 


4824.4 




266. 


227.7 


4128.2 




246.6 


4839.8 


J 


265.4 


228.1 


4142.6 




247. 


4856.2 




265.8 


228.5 


4156.7 




247.4 


4870.7 


} 


266.2 


228.9 


4171.0 




247.7 


4886.1 




266.6 


229.3 


4185.3 


79 


248.1 


4901.6 


86 


267. 


229.7 


4199.7 




248.6 


4917.2 




267.4 


230.1 


4214.1 




248.9 


4932.7 


\ 


267.8 


230.6 


4228.5 




249.3 


4948.3 




268.2 


230.9 


4242.9 




249.7 


4963.9 


J 


269.6 


231.3 


4257.3 




250.1 


4979.5 




268.9 


231.6 


4271.8 




250.6 


4995.1 


I 


269.3 


232. 


4286.3 




250.9 


5010.8 




269.7 


232.4 


4300.8 


80 


251.3 


6026.6 


86 


270.1 


232.8 


4315.3 




251.7 


5042.2 




270.5 


233.2 


4329.9 




252.1 


5058.0 


\ 


270.9 


233.6 


4344.5 




262.5 


6073.7 




271.3 


234. 


4369.1 




252.8 


5089.5 


i 


271.7 


234.4 


4373.8 




263.2 


5106.4 




272.1 


234.8 


4388.4 




253.6 


6121.2 


\ 


272.5 


236.2 


4403.1 




264. 


5137.1 




272.9 


236.6 


4417.8 


81 


254.4 


6153.0 


87 


273.3 


236. 


4432.6 




264.8 


5168.9 




273.7 


236.4 


4447.3 




266.2 


6184.8 


\ 


274.1 


236.7 


4462.1 




255.6 


5200.8 




274.4 


237.1 


4476.9 




256. 


5216.8 


\ 


274.8 


237.6 


4491.8 




256.4 


5232.8 




275.2 


237.9 


4506.6 




256.8 


6248.8 


i 


276.6 


238.3 


4521.6 




267.2 


5264.9 




276. 


238.7 


4536.4 


82 


267.6 


5281.0 


88 


276.4 


239.1 


4551.4 




258. 


5297.1 




276.8 


239.6 


4666.3 




268.3 


5313.2 


\ 


277.2 


239.9 


4681.3 




258.7 


5329.4 




277.6 


240.3 


4596.3 




269.1 


6345.6 


J 


278. 


240.7 


4611.3 




259.5 


5361.8 




I 21^.4 \ 


241.1 / 4626.4 / | 


259.9 


53^8.0 


\ ^ 


\ r<%% 


241.6 / 


464L5 I 




260.3 


5394.3 


\ 


\ n^.l 



A rea. 

"5410.6 
6426.9 
5443.2 
6459.6 
5476.0 
5492.4 
5608.8 
5625.3 
5541.7 
6558.2 
5574.8 
6691.3 
5607.9 
5624.6 
5641.1 
5657.8 
5674.6 
6691.2 
5707.9 
5724.6 
6741.4 
6768.2 
5775.0 
5791.9 
5808.8 
6826.7 
5842.6 
5869.6 
5876.5 
5893.5 
5910.6 
5927.6 
5944.6 
5961.7 
5978.9 
5996.0 
6013.2 
6030.4 
6047.6 
6064.8 
6082.1 
6099.4 
6116.7 
6134.0 
6151.4 



2S0 



coBBOsiox or imom ur 



Dia. 


Circ 


Ai^m. Dia^ 


Ore. 


Arem. ■ Dia. : Circ | 

1 ■ 


69 


i:'}i 


•52211 93 


292.1 


6792.9 • 97 


3017 




ivyy 


n23ft.*> 


' 292.5 


6811.1 




305.1 




2?H)3 


620-5-1 i 


I 292.9 


6829.4 


i 


305.5 




iH).: 


»i273.'i 


293.3 


6^7.8 




305.9 




iSl.L 


«52in.2 ♦ 


293.7 


6866.1 


i 306.3 




2ftl5 


53i>.'- 


2^1 


683^5 


^ i 306.6 




2^1.3 


•5326.4 } 


294.5 


6902.9 


f 307. 




1-2.3 , 


6344.0 


294.9 


6921.3 




307.4 


90 


•2.-2.7 1 


6361.7 94 


295.3 


6939.7 


98 


307.8 




•>3.l 


637:>.4 


295.7 


6958.2 




308.2 




2S3.5 


6397.1 i 


296. 


6976.7 


i 


308.6 




2>3.l^ 


wu.-* 


296.4 ' 


6995.2 




309.0 




•i.>4.3 


6432.6 i 


296.8 . 


7013.8 


k 


309.4 




2 St 7 


64j*).4 


297.2 


7032.3 ! 


309.8 




2.'?5.1 


646.-.2 , } 


297.6 


7050.9! } i 310.2 




i-*5.4 


64.-6.0 : 


298. 


7069.5! 1 310.6 


91 


i.'^O.S 


6.'>03> 95 


298.4 


7088.2 


99 


311.0 




2>M>.2 


6521.7 . 


29S.8 


7106.9 




311.4 




l!i6.6 


6539.6 1 i 


299.2 


7125.5 


J 


311.8 




2S7. 


6557.6 


299.6 


7144.3 




312.1 




. 117.4 . 


6575.5 \ 


300. 


7163.0 


i 


312.5 




: 2>i7.8 1 


6593.5 


i 300.4 


7181.8 




312.9 




2*S.2 ■■ 


6611.5 J 


300.8 


7200.5 


i 313.3 1 




2'i8.6 i 


6629.5 


301.2 


7219.4 




313.7 


92 


2^59. 1 


6647.6 96 


. 301.5 


7238.2 100 


314.1 




289.4 i 


6665.7 i 


1 301.9 


7257.1 




314.5 




289.8 ! 


6683.8 


i 


' 302.3 


7275.9 


i 


314.9 




' 290.2 


6701.9 




302.7 


7294.9 




315.3 




290.5 


6720.0 


i 


303.1 


7313.8 


i 


315.7 




1 290.9 


6738.2 




. 303.5 


7332.8 




316.0 




• 291.3 


6756.4 


i 


' 303.9 


7351.7 


i 


316.4 




1 291.7 


6776.4 




; 304.3 


7370.7 




316.8 












» 



CORROSION OF IRON IN WATER 

Whether the effect of cold on iron is to make it brittle ma; 
a disputed point; but it seems to be well established that the ci 
received opinion that iron must corrode when exposed to moit 
fallacy. The most careful observations and thorough anal; 
convinced scientific men that it is the quality of the ird 
detormincff the question whether or not it will corrode in w 
corrosion depending on the homogeneous surface of the met 
is the judgment pronounced by the London Institute of Civil E 
and is supported by numerous examples of a very striking < 
Gkay iron having a good ^ is used very lax^elY toi 
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^marine works and isjproof against decay in salt water ; and a 
iding^ ship-builder, Mr. Webb, holds that strone iron of proper quality 
11 resist the action of salt water for an indefinite period. Cannon 
nk at Lake Erie during the war of 1812 were taken up forty years 
ber almost uniigured. Three iron gates at Sheerness resisted, the' 
ition of salt water forty years, and a fourth was injured only by 
ilvanic action caused by contact with a lead facing. Cast iron piles 
; Margate were taken up after standing twenty-two years and sold for 
le same price as new pig, being equally sound ; and other piles left 
Miding are still uninjured, after thirty-eight years' exposure. 
It is a common practice to use cheap matenal in the construction of 
IS and water pipes, whereas the best should always be employed. The 
Dorer quality, being sofl, open-grain and showing large crystals, is 
Hind, when taken up, to be oxydized in tubercular knobs. On the 
tber hand, when the pipes of the Manhattan Water Company of New 
brk were taken up in 1860, many of them were found in as sound a 
ate as when they left the foundry in 1820, a period of forty years 
iTing elapsed. 

DISEASES OF BRAN-FED HORSES. 

MillersV horses are particularly subject to a stony secretion in the 
}we]s, caused by eating too much bran. Bran is a very valuable food 
lastable for reducing tne inflammatory effect of oats and beans. Made 
ito mashes, it has a cooling and laxative effect; but used in excess, 
ipecially in a dry state, it is apt to form stony secretions as stated. 
»nes produced from the excessive use of bran have been taken out of 
}rses after death, weighing many pounds. When sawn through, they 
)pear to be composed of a hard, crystalline mass, deposited in regular 
mular rings, resembling in appearance the concentric yearly rings of 
3od; they prove to be composed of phosphate of magnesia, and 
nmonia. The best way to guard against it is to add half a pint of 
iseed, boiled until quite soft, to the mash of each horse. 



A RELIABLE PASTE. 

The following recipe is given for making paste, of such superior 
lality, it is said, that it will keep twelve months, will adhere better 
an gum, will not gloss the paper, and can be written on : Having 
ssonred a teaspoonful of alum in a quart of warm water, let it stand 
11 cold, then stir in enough flour to give it the consistency of thick 
earn, beat all the lumps up carefully, and stir in as much powdered 
«in as will lie on a dime. Half a dozen cloves thrown in will give an 
preeable odor. The mixture is now poured into a cup of boiling 
ater, stirring it actively meanwhile, until in a few minutes it becomes 
s thick as mush. It should then be suffered to cool, and kept covered 
p in a cool place. When wanted for use, take out a vortloiv awd «o^^w 
itb warm water. 
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ZEE 1EN*GTH 07 SaSH-WEIGHTSl 

Tie Muc^a:! "-di^i*? Trill ':•» totia^i naeril in the tw^^ttig 
veiipiQ. Trnu:;! t* :':iir!W ni'isr ba.aa<:e accaratelj tke weight 
jOdsd. Tit* nrsr .••:i>i-nn Tr' ri^ires Lmiicaws tiie diameter of th 
wwiihr jr zii** .•-a:ra :: :a.'i ii'ie or the aqriare weight, ia im 
itu;t:«:na. purs :r i.i ■..it:a. Fie ociier two colamns are sni 
expLa.:ie«i ..i '..le le^ii ii-ii ^~:iiL;w^ ot dwellinz houses 
claswti or* pu :i:'..' ":ii:.ii:T:r5 ir? n«:'v ««? j^Tn»?raIlj made with boi 
Mr the rfcepnirn or w^izits ia«i pullej?. mar the maaa&ctnit 
we Liars i:* «i'i::e jn .xpcrrai: brinoh. or imi^atrr. It is a very 
aume '.a-* in scm** jaises. -e^ptjoiallr wiere a job of this kind 
occaditrtial'.j jalli?«i :«:r az-i ::^e wzrkniaa is i>bllj:e«i to makeani 
calcu*ari«::i :*.r eaeii nr^ ?!jr .:* Tr-f!;^::! r*^n:red. 
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To obtain the length of the weight, it ia only necessary to 
the length of one pound in inches by the number of pounds w 
weight 13 to balance. 



TO PREVENT LOOSEyrS'G OF SCREWS. 

To prevent screws from w^i-ti^ir loose in the wood, it will 1 
expedient, before drivin- ** insftrt m\K^ VioV^ ti ^vA 
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half its diameter which has been immersed in thick glue. The screw 
U then driven home aa rapidly as possible. In mending furniture, 
when glue cannot be easily obtained, powdered resin will serve in its 
j^Mie, the stick being inserted in the hole and the resin filled in around 
mi The stick is then witiidrawn and the screw heated sufficiently to 
sieh the resin as it is driven to its place. 



To fBETEKT the tire of a wagon-wheel from coming loose and 
reaoiring to be refitted, a method highlj^ recommended is to fill the 
feUoes witii linseed oil before the tire is put on. The timber thus 
tzesfted is not liable to itguiy by water, and lasts much longer. The 
process followed is to bang the wheel in the oil, each felloe being 
immersed for one hour. The oil, which is contained in a cast-iron 
beater of suitable length, is brought to a boiling heat — a higher degree 
nmst be avoided, or the wood wul be burned. The timber should be 
cbj, as in a ^en state, it will not take oiL The tire of a wheel thus 
treated will, it is said, wear out before becoming loose. 



INTEREST TABLE. 

AT nVB, SEC, SEYEir Aim EIGHT PER CENT. — ^BT DATS AST) MOmTHS, 
FROM ONE DOLLAR TO ONE THOUSAND. 

Bj the following table the interest on any sum of money, for any 
length of time, at either five, six, seven or eight per cent, ma^ be 
readily ascertained. In the leift-hand column on each page are given 
the days or months, and for each sum of money for which interest is 
to be computed there are four columns, one for each rate per cent 

EXAMPLES. 

To find the interest on $700 for 1 year, 8 months and 11 days, at 7 
per cent i>er annum : 

^00 Dollars, 7 per cent, 12 months, is $ 49 00 

8 months, " 32 67 

11 days " 1 60 



M «« «« T 1 ^^^^ «< 



Answer required $ 83 17 

To find the interest on $1508 for 7 months, at 8 per cent 

lOOO dollars, 8 per cent, 7 months, is $ 46 67 

500 " " " " " 23 33 

O (i II (t li <( o^ 

Answer required $ 70 37 

A calculation of interest made by any other method may be readily 
tested as to its correctness by the use of this table, thus insuring the 
9^7 detectJQn of any mistake 
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HOW TO EXAMINE A WELL OR CISTERN. 

In order to explore the bottom of a well, cistern or pond of water, to 

ascertain whether foreign substances and sediment have been deposited 

which it is desirable to remove, it is not necessary to descend to^ the 

place to be examined. If Uie sun is shining clearly, a common mirror 

may be so used as to reveal the profoundest secrets of the gloomy depth 

below. When held so as to reflect the rays of the sun upon the surface 

of the water, it will produce a bright spot within the limits of which 

the smallest object, even to a floating straw, can be plainly seen ; and 

by moving the glass so as to change the illuminated spot, the whole 

bottom may be explored, if not hidden by intervening objects. If the 

sun does not shine upon the locality of the opening, its rays may be 

brought to the place by the use of two mirrors or :f necessary a series 

of them, one reflecting Uie light to the other until it reaches the desired 

point, when it may be thrown downward. Light may be carrie'i In inia 

way around a house or through it for any distance, the oniv drawback 

beine that it becomes less brilliant with each reflecticn. The trouble 

involved in the experiment is fully compensated by the amusement 

it affords, as well as by the timely discovery, in many cases, of 

unwholesome deposits in water which is daily usea for domestic purposes. 



A 8TR0VG solution of alum and water, applied while hot, will 
effectually clean a smolrjr mantle. When dry, it should be sand-papered 
and receive one coat of paint 



POWER, QUANTITY OF WATER USED, AND REVOLUTIONS 

OF TURBINE WATER WHEELS. 

In the following tables are given the number of horse power, quan- 
tify of water used per minute, and number of revolutions per minute, 
oftnrbine water wheels of various sizes, under heads ranging from 3 to 
W feet The tables give the number of revolutions made by the wheel 
yriben at work. But as there is always a loss of fall by the water draw- 
ing down in the head race and also rising in the tail race, when the 
^eel is running, the calculations for speed of wheel and machinery 
sbonld be based on a fall from six inches to a foot less than the meas- 
^ned fall, when the head and fall is from four to twenty feet, and 
eighteen inches when the fall is over twenty feet; thus allowing for the 
Ion of head mentioned, which will bring the speed of the wheel to suit 
^ actual running head. 

The; tables here given, seven in number, were calculated and arranged 
fethe Leffel Double Turbine Water Wheel. The sixth and seventh of the 
Kries are especially computed for wheels furnishing the power employed 
U mining operations. The fifth, sixth and seventh tables, it will be 
J^Knred, are arranged somewhat differently from \]|[ie oVK<&t&, ^i^Skfiid.^ 
utliese tables ranging from 41 to 100 feet: 



WATKR WHIU, TABLES. 



POWEB, qUAMTITT OF VATEK USED, AND BETOLIITIONS 
OF TURBINE WATER WHEELS. 
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POWER, qCANTIlT OF TTATEB C8ED, AND BETOLUTIONS 
OF TDBBINE WATEB WHEELS. 
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POWER, QUANTITY OF WATER USED, AND RETOLVTI0N8 
OF TURBINE WATER WHEELS. 
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POWEB, QUANTITY OF WATEB USED, AND RETOLUTIONS 
OF TDBBINB WATEB WHEELS. 
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TABLE FOR MINING WHEELS. 
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JAMES LEFFEL'S 




Improved Dooble Turbine Water Wheei 



LEFFEL'S IMPROVED 

Water Wheel. 

PRICES REDUCED. 
^j^Txtxrvm xtjxximm lt jax> ises. 

The " OLD RELIABLE" with improTements, making it 

The Most Perfect Turbine Now in Use, 

Comprising the Largest and the Smallest Wheels, under both the 
Highest and Lowest Head used in this country. Our new Illustrated 
Book sent free to those owning water power. 

Those improving water power should not fail to write us for li^ew 
Prices, before bujring elsewhere. New Shops and New Machinery are 
provided for making this wheeL 

Address, JAICES LEFFEL & CO., Sprinsfleld, OUo, 

and 110 Liberty St., N • T. City. 



LEFFEUS NEW IMPROVED VERTICAL 

Mining V\Aheel. 

On pagA 278 will be found an illustration of the New and Improved 
Vertiol jifining Wheel, manufactured by James Leffel & Ck>. This 
Wheel is^esDecially adapted to mining purposes, and for other cases in 
which it is aesirable to use a wheel on a horizontal shaft. Hitherto the 
difficulties attending the employment of a wheel in that i>osition have 
been Yery great, ana have been thought almost insurmountable ; but by 
years of persevering experiment, attended with heavy expense, we have 
succeeded in overcoming them in the most thorough manner by the 
production of the Wheel here referred to. 

'_ For full particulars, and for our New Illustrated Wheel Book, just 

1^ issued, address 

JAMES LEFFEL A CO., 

Springfield, Ohio, 
and 110 IdlMTtY ^t«,lSl.^« f^Vb^, 
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